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AUTHOE'S PBEFACES. 



The many rich discoveries wliicli have been made wîthin a 
comparatively few yeara in tlie sister scîences of Blectaricity 
and Magnetism render it difficult to arrange, in a concise 
and rddimentary form, the varioiis phenomena c^ one of 
these departments of physics, treated separately. Taking 
the term * mî^netism,' however, in its most general accep- 
tation, the author proposes, in the first place, to put the 
student in possession of such elementary knowledge as 
bears directly on that specios of force, peculiar to ferru- 
ginous matter, by which one partide of iron is observed to 
attrâct another partide at very sensible distances — ^but 
without entering further into the combined sciences of 
electricity and magnetism than may be reqnisite to an 
adeqnate exposition of well-attested facts. It will also be 
desirable to combine with this statement a general history 
of the snbject, considered as a distinct branch of physics, 
Secondly, it is proposed to describe the various magnetica! 
instrumente and manipulations necessary to the further 
prosecution of this wonderftil and interesting subject — thus 
coinpleting the two Parts of the present Treatise. 
• In a Supplementary Treatise it is proposed to apply the 
knowledge thus acquired to a mpre extended inyestigation 
of the great natural phenomena presenieâ. \iO wa Va. ^^ 
magnetic action of the eartfa, and .to a &LTftwbt «5^<c^i^A^â«ra. 
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IV PBEFACES TO THE OEIGINAL EDITION. 

of certain practicai benefits resnlting from sucii inqnîries. 

The work tlins completed will be, as it professes, esscntîallj 

rudimentary ; but, nevertheless, witkout in any way com- 

promising its scientific cbaracter. Its object is to illustrate 

and explain, tbeoretically and practically, and as familiarly 

as tbe nature of the subject will permit, a large class of 

natural phenomena intimateiy connected ivîtli the system 

of the world. 

W. Sxow Hjleris. 

PtYMorTH: Aiiffust 1850. 



It has been the author's endeavour to carry out in this 
Bupplementary or second volume of Rudimentary Mag- 
netism the design specified in the Preface to Parts I. 
and n. ; that is to say, an extension of elementary prînci- 
ples to an important class of natural ma^ieiic phenomena, 
intimateiy connected "with the physical universe, and with 
the prosperiiy and advancement of civilized life. Keeping 
in view the p'ofessed rudimentary «haracter of the series of 
publications of which these volumes constitute a part, the 
author has thought that no kind of auxiliary information 
calculated to assist the student to a clear comprehension of 
the matter immediately before him should be considered as 
out of place in this work, however elementary and simple its 
character ; so that the necessity of consulting other works, 
which may not always be at hand, may be as far as pos* 
«ible avoided. This, it is presumed, will be admitted as a 
suffîcient ground for having in some instances referred to 
explanatory notes, which by the more advanced reader may 
he considered superfluous. 

W. Snow Kabbis. 

tmoutb: Februi^ 1852. 



EDITOR'S PREFACE. 
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The three parts alltided to by the author in his Prefaces 
to the first edîtîon are in the present volnme amalgamated. 
The first Preface refers to the five first chapters (therein 
spoken of as * the two Parts of the present Treatise '). The 
Bubseqnent portion of the work, with the exception of 
Chapter VXll. mentioned below, is the * Snpplementary 
Treatise' alluded to in the author's second Preface. No 
attempt has been made to alter in any degree the general 
character or style of the work ; written as it is throughout 
-with that admirable perspicnity which characterizes all 
the writîngs of its distingnished anthor. 

The progress of science having, however, rendered some 
additions here and there necessary, the new matter in- 
trodnced by the editor may be identified by the square 
brackets in which it is enclosed. It relates principally to 
Faraday's latest researches in Magnetism, and to the recent 
important investigations by the Astronomer-Royal and 
others respectmg the deviations of the compasa in iron ships. 

For the whole of Chapter VIII., in which an attempt is 

made to give a snccinct account of the progress of Terres- 

trial Magnetism during the last tweniy years, the editor is 

responsible. 

Hekbt M. Noad. 

1^. Gbobob's Hospital : 
October 1871. 
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CHAPTER I. 

l-HE NATUEAL MAGNET. 

The Natural Magnet or Lodestone — Its general History — Nature and 
Properties — Communicative Power — Directive Power — Terms by which 
the Magnet has been characterised by various Nations — Magnetic 
Poles or Points of greatest Attraction — The Armed Magnet — Recip- 
Tocal Polar Attractions and Eepulsions — ^Views of the Ancient 
Philosophers on the Nature of Magnetic Attraction — Modem Views. 

1. The earliest scientific records notice the operations of 
a snbtle natnral agency, pecnliar in manj respects to bodies 
containing iroB, and acting more especiallj on iron and 
steel: by tbis agency fermginons particles are drawn 
togetlier, and jBreqnently remaîn suspended one from tbe 
other in opposition to the force of gravity. 

Notices of such phenomena are found in very ancient 
mannscrîpts, especially in those of China, and also in the 
writings of the Greek and Roman philosophers — Thalea, 
Pythagoras, Plato, Aristotle, Lucretius, Cicero, Pliny, and 
several others. 

2. The existence of this snbtle agency was fir st observed 
as a property of a mineral substance of a greyish or reddish 
black colonr. The Greeks obtained it from the province of 
Magnesia, in Lydia, and termed it the magnesian stone, also 
fjtâyyrig (magnes), from whence the modem terms magnet 
and magnetism^ the one designating the mineral snbstance 
itsel^ the other the pecnliar agency snpposed to reside in 
it. Hence also the term magnetic attraction^ employed to 
characterise the power or force in operation. 
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2 EUDIMENTABY MAGNETISM. 

3. The magnesian stone, or native magnet, abounds in 
various parts of the earth, especially in iron mines, where 
it is found massive, frequently crystallised, and occasionally 
in beds of considerable thickness. Its constitnents are, for 
the most part, oxygen and iron nnder the form of two 
oxides, the black and red. In 100 parts we have aboat 73 
parts iron and 27 oxygen : ît bas been termed magnetic 
iron ore, Its colour varies from a reddish black to a deep 
grey. Native magnets from Arabia, China, and Bengal are 
commonly of a reddish colour, and are powerfally attrac- 
tive. Those fonnd in Germany and England have the 
colour of unwrought iron ; those from Macedonia are more 
black and duU. 

The specific gravity of magnetic iron ore is about 4^ 
times that of water, and afibrds, when worked, exceUent 
bar iron. 

The native magnet is sometimes found in the form of small 
grains, constituting what has been termed magnetic iron 
sand. Magnetic sand abounds in the Isle of Skye, and in 
Fifeshire in Scotland.* We find also in the iron mines of 
Norway a thick black earthy powder possessing magnetic 
properties. 

4. This remarkable substance has not only the power of 
drawing apparently towards itself small particles of iron, 
and of holding suspended from various parts of its surface 

light rings and other small masses of iron 
^^' * ^ ^ or steel, but, as the ancients observed, it 
has also the important property of com- 
municating or propagating, as it were, 
its own attractive power through a series 
of such rings or masses, so as to cause 
them to hang one on another in a sort of 
linked chain. 

JEJxp, 1. In the annexed fig. 1, let the 
mass M be an irregular block of magnetic 

* It contains varying quantities of Titanic acid. 




POLARITY OF THE MAGNET. 3 

iron ore, monnted on any convenîent support T ; there will 
be found certain points, n- s, on its surface so powerfully at- 
traciive as to sastain a series of sliort needles of iron n o, 
or a series of soft steel rings s t, wHch maj be snspended 
Buccessively one from the other solely by the force imparted 
to tbem from the magnet M. 

5. In tbe celebrated pbilosopbical poem, 'De Bemm 
Natura/ by the Broman poet Lacretias, who flonrîshed 
about sixty years before the Christian era, we find the 
magnet, together with these illcistrations of its power, very 
beautifnlly treated. Dr. Bnsby, in bis translation of this 
poem, thns renders the passage : — 

Now, chief of all, the magnet's power I sing, 

And from what laws the attractive funcţiona spring ; 

The magnet's name the observing Grecians drew 

From the magnetic region where it grew ; 

Ii8 viewless potent virtues men surprise, 

Its strânge effects they view with wondering eyes, 

When, withont aid of hinges, links, or springs, 

A pendent chain we bold of steely rings 

Dropt from the stone — ^the stone the binding sonrcc— 

Ring cleaves to ring, and ewns magnetic force : 

Those held superior, those below maîntain, 

Cirde 'neath circle downward draws in yain, 

liVhilst free in air disports the oscillating chain. 

G. Tbe attractive force of tbe magnet, as shown in this 
experiment, is found to reside principaUy in opposîte points 
of its Burfe,ce. These points have been termed poles, from 
anotber wondrous property of the magnet said to have been 
known to the inhabitants of China from time immemorial, 
but with whicb the philosophers of Greece and Bome were 
certainly not acquainted. 

If the magnet be suspended by a delicate silk line from 
some point between the surfaces of attraction, so as to 
admit of its tuming freely on that point, the mass will rest 
only in one position : this position will be such as to place 
its poles either in the line of the meridian, or very near it : 
one of the surfaces of the mass will have turned lo^«t^ 
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the north, and the opposite surface towards tha south, and, 
if drawn aside from this position, will continue to vibrate 
backward and forward nntil it again rests in the same 
position. 

In some very iiregular and peculiar pieces of magnetic 
iron ore, several such poles have been observed, but tbey 
are always in opposite points of the mass ; the native 
magnet, however, has generallj two poles only. 

Ex^, 2. Immerse a piece of magnetic iron ore in fine 
iron or steel filings; the particles will be attracted, and will 
collect principallj in separate and aggregated knots on 
certain opposite points of its surface. 

Uxp, 3. Having ascertained the position of the poles or 

points of greatest attraction, as at n s, fig. 2, trim the 

specimen in the direction of their axis or line N s, supposed 

Fig. 2. to traverse the mass from one point to 

the other, so as to give it a somewhat 
oblong regular form, as represented in 
the figure. Suspend the mass by a fine 
thread of silk c ^ in some point c, inter- 
mediate and ââ central as possible be- 
tween the poles n s; the mass will turn 
and rest in such a position as will place 
the extremities of the axis n s either 
in the direction of the meridian, or 
in a line varying from it by a given 
angular quantity either east or west, 
depending on the particular locality of the experiment, so 
that one ©f the poles, n, will have tumed towards the 
north, and the opposite pole, s, towards the south, £rom 
which circumstance n has been called the north, and s the 
south pole of the magnet. 

7. The property by which the magnet is caused to assume 
ihia j)articular position has been called magnetic polarity 
or directive jpower, and when the magnet is fi^e to move 
into thia position it is said to traverse. 




VARIOUS NAMES OF THE MAGNET. 6 

A plane perpendicular to the horizon and passing throngh 
N s, the poles of the magnet whilst in their directive 
position is called the plane of the magnetlo meridian, The 
line N s has been termed the direction of the magnetic 
meridian, The angle made between the line N s, or direc- 
tion of the magnetic meridian, and the line of the trae 
meridian of the place in which the magnet is suspended, 
has been termed the variation or decUnation of the magnet, 
or simplj the magnetic declinatimi, 

8. The native magnet appears to have been known in 
almost every conntry, and at remoto periods. The Jews 
were evidently acquainted with it. In the Talmud it is 
termed * achzhâb'th,* the stone which attracts, and in their 
ancient prayers it has the European name magnes. The 
term employed in different languages to designate the 
magnet is, as may be readily imagined, commonly based 
upon its supposed * Iove of iron.' Thus, in the Chinese, we 
have the term * thsu-chy,' or love-stone, also * hy-thy-chy,' 
the stone which snatches up iron. In the Siamese we 
have the term * me-lek,' that which attracts iron. In the 
Sanscrit the magnet is termed ' ayaskânta,* loving toward 
iron. Euripides terms it * lapis Herculaneus,* the Hercu- 
lean stone, from its power over iron. Amongst the Euro- 
pean languages we find in the French * Taimant,* or the 
loving-stone ; in the Spanish * iman.' In Hungarian we 
have again the term ' magnet ko,' the love-stone ; and so 
of a variety of others. 

In several remarkable instances the magnet has been 
characterised by its directive property (6) : thus in the 
Chinese we have the term * tchu-chy,' the directing stone. 
In Tonkinin we have the term * d'ânamtchum,' the stone 
which shows the aouth. In Swedish we have * segel-sten,' 
the seeing-stone. In Icelandic * leiderstein,' the leading- 
stone, afber the Saxon of 'leedan,' to lead^ from whence tKe 
English name *Joadstone,' or * lodestone,' oî^âLVj Vsî\Og. 
term the magnet is commonly known in. T^n^îiSiâL. 'Vo. ^ 
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AITTHOE'S PEEFACES. 



The many rich discoverîes whicli have been made wîthin a 

comparatively few years in the sister scîences of Electricity 

and Magnetism render it difficnlt to arrange, in a concise 

and rudimentary form, the variotis phenomena of one of 

tliese departments of physics, treated separately. Taking 

the term * ma^etism,' however, in its most general accep- 

tation, the author proposes, in the first plâx;e, to put the 

Btndent in possession of snch elementary knowledge as 

bears directly dn that specios of force, pecnliar to ferru- 

ginons matter, by which one partide of iron is obserired to 

attrăct another partide at very sensible distances — ^but 

without entering further into the combined sciences of 

electricity and magnetism than may be reqnisite to an 

adeqnate exposition of well-attested facts. It wiU also be 

desirable to combine with this statement a general history 

of the snbject, considered as a distinct branch of physics, 

Secondly, it is proposed to desciibe the various magnetica! 

instnnnente and manipulations necessary to the fartW 

, prosecution of this wonderful and interesting snbject — thns 

coinpleting the two Parts of the present Treatise. 

In a Supplementary Treatise it is proposed to apply the 

knowledge thns acqnired to a mpre extended investigation 

of the great nattirăl phenomena presented to ns in the 

magnetic action of the earth, and.to a forthet elucidsAiotL 
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8 EUDIMENTARY MAGNETISM. 

the artificial poles p n, bo &s to unite them. This kceper 
is found to preserve and increase the attractive force of 
the poles, especially if the magnet be suspended by its 
npper ring e, and weights be attached to the hook G, and 
by which its power may be roughly estimated. 

If the armed magnet be thus suspended, and a small 
scale-pan attached to the keeper e, an additional weight 
may be added daily for a considerable time : the lodestone 
thus armed may be caused to sustain from twenty to thirty 
times its own weight. 

When an armed lodestone is employed for particular ex- 
perimental inquiries or other purposes, the keeper K may 
be removed, but it should be replaced when the magnet is 
not in use. 

11. Although the attraction of the magnet for iron may 
be considered as its most general and characteristic pro- 
perty, yet this property has not been found so universal as 
to be without very remarkable exceptions ; the exceptions 
being such as to involve what at first appears a totally 
opposite and different kind of power. Pliny, in the 36tb 
book of his Natural History, has an obscure allusion to 
such a power : 'There is (he says) a kind of stone in Ethio- 
pia, which will not abide iron, but repulses and driveth iron 
away from it.'* Marcellus, an empirical physician, who 
flourished under the Emperor Theodosius, about the year 
400 of our era, alludes to the magnet as the attractor and 
repulsor of iron. 

It is, however, very doubtful whether the ancients were 
fally acquainted with the properties of magnetic repulsion, 
such as now observed. Lucretius, who was certainly well 
acquainted with the history of science up to his time, is 
quite silent upon this subject. The discovery, therefore, 
of the repulsive power of the magnet is, in all probability, 
of very modern date. 

* ^Alius ruraua in eadem Ethiopia non prcycxd moTia gignit lapidem 
theamedem, qui fermm omne abigit respuitqxie? 




MAGNETIC POWER OF IRON. 9 

If we suspend a magnet by a fine silk fibre over another 
magnet, or near another magnet also susponded, tbe poles 
of these magnets will arrange themselves in snch a way as 
to bring the opposite poles togetber ; the similar poles are 
fonnd so powerfnlly and reciprocally repulsive, as not to 
allow the masses to rest with their similar poles in jnxta- 
position. 

Enyp.J:. Procure two small Fig. 5. 

masses of magnetic iron ore, 1 

and having determined the 
position of the poles (6), pre- 
pare the pieces as before 
described (6), and suspend 
one over the other, as in the 
annexedfig.5. The north poles 
N N will be found to arrange 
themselves immediately op- 
posite the south poles S s, 

and so decidedly, that the sus- ^ --<s>^ 

pended magnet N s "will not jS7- ^"73^ 

rest in any other position. <--\ ^ 

12. We peroeive, then, by this experiment that a repellent 
magnetic force is attendant on magnetic polari ty, and that 
conseqnently any mass of iron having fixed polarity (7) 
would be repulsed by the magnet whenever the like poles 
were opposed to each other. Now the polarity of the lode- 
stone is altogether dependent on the iron it contains ; and 
we should therefore expect to fînd common iron possessing, 
in certain instances, simil3,r properties to those of the 
magnet. Such cases would be attended by the develop- 
ment of a new and opposite force, not observed in the ordi- 
nary operations of the magnet on ferruginous matter. It - 
is well known that pieces pf common iron, which have been 
for a great length of time in one fixed position, oî ^mi^sY- 
ground, sbâquîre coDsidemhle polarity — ^m. îae\), "Vi^cotc^ek 
magnets: ibis very frequent]j happens witlo. o\dWTTei\»^^s\a- 
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10 RUDIMENTARY MAGNETISM. 

spindles, and the old nisty bars of abbey windows. In the 
* Memoirs of tbe Academy of Sciences ' for 1731, we find an 
acconnt of a large beli at Marseilles having an axis of iron: 
this axis rested on stone blocks, and threw off fpom time to 
time great qnantities of nist, which, mixing -witb the par- 
ticles of stone and the oii nsed to facilitate the motion, 
became conglomerated into a hardened mass : this mass had 
all the properties of the native magnet. The beli is sup- 
posed to have been in the same position for 400 years. 

This curions fact not only serves to elucidate the early 
observations of the magnet's repnlsion for iron, but it 
throws further light on the probable source of the polarity 
of the magnet itself. 

13. The views of the ancient philosophers respecting the 
immediate source of the power of the magnet were such as, 
on a fîrst acquaintance with the phenomena, might have 
been anticipated. Directing their attention to occult causes, 
they were driven to assume the existence of a pecnliar 
essence or effluvium, which, being emitted by the magnet, 
dragged the iron, as it were, into its embrace. Lucretiua 
advances a step further upon this crude idea, and supposes 
that the magnetic effluvium drives the air out of the space 
exist ing between the magnet and a piece of steel or iron, 
and, by thus producing a vacuum, causes the iron to be 
pressed towards the magnet. In his poem we find the fol- 
lowing lines, as translated by Busby : 

Soon shall we trace by what mysterious laws, 
What secret energy, what latent cause, 
Steel, the strong magnet, actuates and draws. 
First, then, my loved illustrious Memnon, know, 
Ceaseless effluvia from the magnet flow, — 
Effluvia, whose superior powers expel 
The air that lies between the stone and steel. 
A vacuum formed, the steely atoms fly 
In a Jink'd train, and all the void supply ; 
While the whole ring to which the Ixa-m ia jom'd 
The j'n^uence owns, and foUows close \>©Yim^. 
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Thales, the celebrated phUosopher of Miletus, oonceived 
the magnet to be endowed with a soH of immaienal spirit, 
and to possess a species of animation. 

14. Leaving for the present, however, all snch meta- 
physical speculations, it will be snfficient to recognise the 
important fact, that whatever be the hidden canse of mag- 
netic phenomena, it may with safety be inferred, from the 
attractions and repnlsions of similar and dissimilar poles 
just described (11), that the direct practicai consequence 
of magnetic polarity is the development of two dissimilar 
and distinct forces, repulsive of themselves, but attractive 
of each other. It is with these two forces, and the laws of 
their action, that the experimentalist and mathematician is 
more immediately concerned : they have been accordingly 
considered as positive and negative forces, and have been 
characterised by the positive and negative signs. Theso 
forces have been also termed north and south polarities, or 
magnetism, as expressive of their mutual relations to the 
directive property of the magnet. The following simple 
formula expresses concisely the fundamental law of their 
reciprocal action — * Similar polarities repel, opposite polari- 
ties attract each other.' 

15. The student will perceive, that in assuming the exist- 
ence of these opposite forces, he is merely expressing a fact 
totally independent of all metaphysical speculation. 

From whatever source the forces may arise, that would 
in no way affect their existence as mechanical qualities. 
In looking through the operations of other hidden principles 
of nature, we find in all of them what may be considered as 
opposite or antagonistic qualities. Thus we have light and 
darkness, heat and cold, gravity and levity, action and 
reaction, &c. Now, although it be proved that no positive 
principles, such as darkness, cold, levity, &c., have exist- 
ence, yet, taken as the negatives of light, heat, gravity, 
&c., we could, if it were requisite, represeuV. auâi ^xx^-^crj 
darkness, cold, levity, &c., as so many auia^onV&VivG ^crce^^» 
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If I mix a certain quantity of hot -water witli a certain 
quantitj of ice, I may, in a certain sense, be said to mix 
heat and cold together; and the restdting temperature 
would be either a neutral temperature, as referred to a 
gîven standard, or it would be in excess or defect of such a 
standard, and might be faithfully characterised either by 
zero or by the positive or negative signs, to denote the 
excess or deficiency in relation to this standard. In the 
present imperfect state of our knowledge of the cause of 
electrical and magnetic forces, it is at least usefal and con- 
venient to consider these forces under this form, with a 
view of better representing to the mind the laws of mag- 
netic actiou, and linking into an intelligible chain the several 
phenomena presented to us. 
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CHAPTER U. 

THE ABTIFICIAL MAQNET. 

The Artificial Magnet — How produced— Various Forms and Mcthods 
of Magnetizing— Properties of a Magn^c Bar— It assnmes a definite 
Position of Direction and Indination — ^Its Force yariable in different 
points of its Length — Magnetic Centre, Axis, and poles — Attraction 
and Kepulsion of the opposite Po^r Forces — ^Lines of Magnetic 
Force — Reciprocal Action of Magnetic Pars pn each other — Magnetic 
Induction or Influence — ^Reactiye Force of Iron on Magnets. 

16. The commuiiicative property of the lodestone (4) 
may he considered as tjie great source of the advances and 
of maDy of the gr^nd moderji discoveries achiţeyed in this 
interesting departnient of science ; for although the attrac- 
tive property commanicated to soft irpn or steiel hy contact 
-with the lodestone (fig. 1, p. 2) commonly vanishes so soon 
as the iron is removed from the magnetic pole, yet in many 
remarkable instances the attractive power, together with 
all the properties of the original magnet, remain, and we 
obtain what has been termed an artificial rruignet, 

Exp. 5. Procure a small bar of st^eel abopit 8 inches in 
length, ^th of an inch wide, and ^ih of an inch thick, or a 
piece of common steel wire of 

commerce of about the same^ *^' ' ^ 

length and from |^th to ^th of an t ' ii i i'ai' 

inch in diameter. Let tha steel 
be well hardened and tempered 
by plunging it at a cherry-red 
heat into cold water ; when cold 
and polished, apply each extre- 
mity in succession to the opposite poles of an armed mag- 
net (10), fig. 3, fîrst touching with gentle ÎTie-Woiv oxva ^TX?cfe- 
mitj^ of the bar, or ane of the poles and ttie o^^o«v\.^ ^^x^- 
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mitj on the otlier pole, or, which is better, draw the bar a h, 
fig. 6, a few times, in the direction of its length, across the 
two poles mn of the magnet m, as represented in the figure, 
and in such a way as not to pass either extremity, ah, beyond 
or off the opposite poles m n ; finally, bring the bar a & so as 
to rest with its extremity a h equally distant from each pole 
m n ; that is to say, bring the poles m n at the centre of the 
bar, or as nearly as may be. In this position remove the 
bar from the poles. The bar will now be found attractive 
of particles of iron, common steel needles, and other fer- 
ruginous matter : when suspended it will arrange itself in 
the direction of the magnetic meridian (7), and will, in 
fact, have all the properties of the lodestone (6, 10, 11), 
including the important property of imparting or exciting 
a magnetic condition in tempered steel. 

Exp, 6. Take a small bar of steel which has been rendered 
magnetic by the process jnst described (Exp. 5), apply it 
with slight friction to a piece of hard steel wire or a similar 
bar, and in snch way that the opposite extremities of each 
bar may have contact attended by a slight degree of friction : 
this second bar or wire will be found also to have acquired 
a similar magnetic condition to the first ; and this process 
may be continned from the second to a third wire of steel, 
and so on withont limit. 

The propagation of magnetism from one bar of steel to 
another, as illustrated in this experiment, enables the experi- 
mentalist to obtain artificial magnets to any given amount ; 
and since the form and magnitnde of the steel has not been 
found to interfere with the generality of the result, we are 
farther enabled to obtain magnets of any required figure or 
magnitude. 

17. It is to be especially observed that the polarities (14) 

excited in the opposite portions of a steel bar by this artificial 

process of magnetizing (16) are the reverse of those of the 

magnetic poles to which these portions have been applied 

r/^. Tbus in Exp, 5, Gg. 6, if the extxemiiy h oi V\i^ ^\,%^l 
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a h, rest on the nortli or positîve pole n of the magnet m ; 
the polarity induced în that extremity b, wiU be a sonth or 
negative polarity (14). Reciprocally, if the extremity n be 
bronglit to rest on the negative or sonth pole m, then the 
polarity indneed in that point of the steel will be a positive 
or north polarity. 

This resnlt may be conceived to depend npon the general ' 
principie already explained (14), viz,, that the north mag- 
netism of the pole n of the magnet repels the similar or north 
magnetism of the bar, and attracts the sonth, — and recipro- 
cally the sonth magnetism of the pole m repels the similar 
magnetism of the bar, and attracts the north : hence the two 
positive and negative elements (14) resident in the bar have 
become disnnited, and cansed to appear as two separate and 
distinct forces. Hence it has been fonnd deşi rable for prac- 
ticai pnrposes to mark one extremity of an artificial magnet 
with a small file cut, carried ronnd the bar: the marked 
end is generally that extremity which points north when the 
magnet is suspended. This means of distinguishing the two 
poles is fonnd of great importance in practicai magnetism. 

18. Magnetized steel was in all probabilityfirst obtained in 
the way jnst described (16), as may be inferred from several 
terms nsed by the Chinese and other Indian nations to desig- 
nate the magnet. One of these, nsed by the Chinese and 
Japanese, refers to the magnet as the * stone for rubbing the 
needle ; ' others caii it the * stone for the steel needle : ' the 
native magnet, however, is not the only sonrce of magnetism 
in steel ; it is now fonnd that a magnetic condition may be 
excited in hard steel by various mechanical processes, snch as 
filing, hammering, drilling, and the like ; also by changes of 
temperatnre, as in the heating and coolingof iron; likewise by 
mere position alone ; finally, by voltaic or common electricity. 

19. We have now arrived at a complete notion of an 
artificial magnet, which, as we see (16), consists of a mass 
of hard steel possessing* all the properties oî ^b\vfâ\cA^Afâ\i^^ 
and wbicb bare been impar ted to it by art\^c\«X ixi^'wxa» 
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yihsA ia termed e 



Artificial magnets, as just observed, may be of any re- 

quired form, or of almoet any dimensiona, according to llie 

particular vlews of tlie eiperi- 

Fig. 7. mentaliat: for general pur- 

^- — " ' A posee ttey are limited to 

Btraigbt bars, sncli as repre- 

sented in fig. 7, or otherwise 

to bars bent into a cur jdline^ form, vesembling a horse-shoe, 

^ in fig. 8 ; tbe brancbes c p 

and c n being longer, and tbe 

extromitiesj) nnearer thanin 

theoommonhorse-Bboe. Many 

Buch bars, either straight or 

curred, form, when combined, 

\ compotmd magnet, Bnch, for ezample, aa 

that represent«d in figs. 9 and 

10. The oombinatiou of aeve- 

ral compound m^netB witb 

projecting armatureB (10) 

conatitutes a magnetic hatiery 

or inaekine. The dimensiona 

well adapted to magnetic bars, 

either straight or curved, are 

sucb AS to give the breadth 

about i'jth or .^th of the 

length, and the thickness 

or not eiceed- 

e-half of the breadth. 

20. Althonghthe simple method of magnetîzing we have 

just deacribed (16, Exp. 6), ia sufficient for small bars, 

plates, or cylinders of steel, yet it is not eqnally applicable 

when reqnired for the production of a high degree of power 

in artificial magneta of oonsiderable magnitadâ. To obtain 

tbis, aeveral methoda of magnetizing, to be hereafler no- 

iiicei/, bavo been proposed: it may, howeTer, be at preaent 

suMcient to describe tbe following — ^ttio 'Vieat ţeitoţ* oţ. 

*ojr for ffcneral practicai pnrposea. 
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Let it be reqaired, for example, to magnetize two straight 
bars of lughlj tempered pig U 

steel, fig. 7. Place the bars 
p s, p' «', fig. 11, on a flat 
board between two pieces 
of soft iron, jp s', p' 8, about 
6 inches in lengtb, and of 
tbe same breadth and deptb 
as tbe bars, and in sach a 
way tbat tbe opposite 
marked extremities, p p\ may be in opposite angles of the 
parallelogramp p', This arrangement being made, and tbe 
parallelogram secured in its position, apply an armed mag- 
net, or, wbat is better, a combination of magnetical horse- 
sboe bars M, to one end, 8, of eitber of the bars p 8, taking 
care, on the principie explained (16), to place the compound 
magnet M on the bars in snch a way that its marked pole 
will rest next the nnmarked extremity, «, of the bar, or 
converselj if placed on the marked extremity, p, of one of 
the bars; then the opposite or nnmarked pole of the com- 
pound magnet M may rest next the marked pole p, Things 
. being thus arranged, continue to slide the magnet upon the 
bar, carrying it completely round the whole parallelogram 
in one direction, 8py sf p\ and stopping finally in the centre, 
c, of one of the bars. Bepeat this process on each face of 
the bars, and a very high degree of force will be found to 
have been produced; the whole parallelogram will hang 
together, and each bar, on separating the keepers, p «', s p', 
will have acquired a high amount of permanent magnetism. 

To magnetize a bar of tempered steel, fig. 8, curved into 
the horse-shoe form, fix the bar, fig. 12, on a flat board, 
with its extremities, p s, against a straight piece of soft 
iron, p 8, of the same thickness and width as the bar. 
Having secured the whole in this position, place a com- 
pound magnet M, or an armed native mcijgne^., era. OTi% ol 
^he extremities, s, oî the curved bar, taking c».x^ >5Îcv^ H5aa 
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opposite or marked and nnmarked ends are in contact with 

each other. Continue as 
^^ - ^ before to glide the magnet 

M several times ronnd the 
whole series, and in the 
same direction, 8 cp, finally 
stopping in the centre, c. 
Repeat this process on each 
face of the bar, when a 
high degree of power will 
have become developed ; so 
mnch 80, that the iron or keeper p 8 cannot be directly 
puUed away without considerable force, and in some in- 
stances cannot be conveniently removed except by sliding 
it off. 

In order to preserve effectually the magnetism thns ex- 
cited in bars of steel, it is requisite, when not in nse, to 
keep their opposite poles iinited by means of pieces of soft 
iron ; that is, in the same way precisely as in the process 
of magnetizing shown in figs. 11 and 12. 

21. Fropertie8 of a magnetic har, — If a bar of tempered 
steel be carefally prepared, and poised upon a central peint . 
so as to be indififerent as to position, and i^rther be so 
balanced and suspended as to be at liberty to move in a 
horizont<al plane, then, on being rendered magnetic (16), 
it will be no longer indifferent as to position, but will 
gradaally settle in a plane either passing immediately 
through the meridian of the place or differing from it by a 
given angular quantity : if turned aside from this direction, 
and again set free, it will continue to oscillate across the 
meridian backwards and forwards, until it again rests in 
the same position, as in the case of the native magnet (6). 
If the bar be also at liberty to move in a vertical plane, 
then, whilst turning into this meridional plane, it will at 
the same time încline or dip one of its extremities below 
tlie horizontaî line^ which in these latitudea amfîivwa.^^ \a «iSi 
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angle of nearly 70 degrees. The extremifcy which thus 
dips, is, in latitude north of the equator, tumed towards 
the north pole of the earth, and, in latitudes south of the 
equator, towards the south pole of the earth. The inclina- 
tion increases as we proceed north or south from a certain 
great circle of the sphere traversing the equatorial parts of 
our globe, and in which the inclination is nothing. 

Exp. 7. Take a perfectly straight and even bar of steel, 
p s, fig. 13, sufficiently 
hard to retain a mag- ^^' ^^' 

netic state. It may be ^ 

7 inches long, Jth of an 
inch wide, and -^th of 
an inch thick. Drill a 
clean hole through the 
centre of the wide sur- p 
face, and then pass an ^' ^ • ■> 
extremely fine drill also 
through the centre 
transversely to this hole, y' 

across the thickness of A 
the bar, edgewise, and so accurately as to pass through the 
centre of gravity of the mass, or as nearly as possible ; 
proceed now to complete the equilibrium of the bar upon a 
fine needle as an axis, and in such a way as to render it 
indifierent as to position in a vertical plane or nearly so, 
and that whether it be placed with one or the other face 
uppermost. Let the bar be now magnetized (16), and then 
mounted on its central axis ; run the axis through a small 
silver stirrup, c r, and suspend the whole by a fine silk fibre, 
r ty attached to a fixed point t ; the bar p s will be observed 
gradually to assume a definite and oblique position, p w, 
inclîning in these latitudes its north pole, P, nearly 70 
degrees below the horizontal line, tuming at the same time 
into a plane devîalÎDg from. the plane oî tti^ ixiervi^\'OT:L\s^ ^ 
£iren angular qnantity ; the lower extremîtj "haiVvîx^ Vocctia^ 
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towards the norfch, and the otlier extremity towards the 
south ; and it may be likewise observed, on tlie principie 
aiready stated (17), that the extremities which have thus 
turned the one towards the north and the other towards the 
south, will have been derived from the opposite poles of the 
lodestone or magnet by which it has been magnetized. 

22. This experiment requires considerable mechanical 
skill and care in the preparation and balance of the bar, so 

' as to poise it accurately about its centre of gravity : a very 
straight piece of cylindrical steel wire, which is generally 
sufficiently hard to retain polarity, may be employed for the 
purpose, or the steel of which the bar is made may be also 
rendered snfficiently hard to retain a magnetic state by 
simple hammering on the anvil, and yet admit of its being 
drilled and worked. The process of hardening after the 
requisite balance has been effected is liable to warp the steel 
and vitiate the experiment. We may, if we thought it de- 
sirable, harden the extremities only, by dipping them at a 
cherry-red heat into cold water ; but for this and the follow- 
ing experiments it is desirable to employ naturally hard steel. 

23. If the bar be again applied to the lodestone or magnet, 
but in a direction the reverse of that by which its previous 
magnetic condition was excited (16, Experiment 5), that is 
to say, if the north pole of the bar rest on the north pole of 
the lodestone, and the south pole on the south pole of the 
lodestone, then if the experiment be careftilly made, we may 
totally and exactly destroy the magnetism previously excited, 
or, by continuing the magnetizing process (16), reverse the 
poles and magnetize the bar in the opposite direction, that 
is to say, induce a north pole in the extremity which was 
before a south pole, and a south pole in the extremity 
which was before a north pole. 

Uxp, 8. Let the bar be rendered neutral by an equal and 
reverse process of magnetizing (16) ; replace it on the axis 
as before, Experiment 7 : it will be again indijfferent as to 
position, and will remain perfectly lioTizoutai. 
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Exp. 9. Pass the bar across the poles of the lodestone 
(16) so as to magnetize it in an opposite direction to that 
in the former experiment (7) ; replace the bar on its axis, 
the phenomena before observed (21) will re-appear, but the 
extremity which before inclined and pointed north, will now 
be raised and will point south, and conversely the extremity 
which was before raised and pointed south, will now be 
inclined and will point north. 

It is not difficult, after a little e^rperience, to destroy ex- 
actly the previous magnetism by an equal and reverse pro- 
cess of magnetizing (16) : it may be minutely affected by 
small final contacts with the similar pole of the lodestone, 
so as to cause the similar polarities to repulse and destroy 
each other (14) ; the neutrality may be considered as having 
been sufficiently effected if on plungiDg the ends of the bar 
into soft -iron filings, the filings do not adhere magnetically 
to the poles. 

24. As the perfect success of the precediug experiments 
requires very great mechanical skill in the constmction and 
adjustment of the needle or bar, it may be desirable to 
describe a less difficult means of observing the mere facts of 
the dip and direction by two distinct and simple processes. 

Itwillbe convenient, for experiments 
of this kind, to employ a stand or sup- ^^' ^*' 

port, the altitude of which may be 4^ 

varied, such as is represented in the an- r fft' . // â 

nexed fig. 14, in which j9 ^ is a light 
tube of brass,sliding withfriction within 
a second tube j9 t. The extremity g of 
the sliding part giyes support to a fine 
vertical and pointed needle g m, upon 
which ahorizontal magnetic bar c ă may 
be delicately suspended ; and also to a 
short horizontal arm, also terminating 
in a short, fine, and pointed needle, 
npon which a barjp h may be suspended »o a"a \^ \xwî«^^^ 
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in a vertical plane. The whole is supported on a firm 
foot T. 

Exp, 10. Poise a light steel bar j> 6, fig. 14, similar to 
that employed in the former experiments, on the short 
horizontal axis, the pivot-hole passing nearly but not quite 
through the bar edgewise, and in such way as to rest hori- 
zontally with either face npwards. 

Prepare a second similar bar c d^ and having magnetized 
it, balance it horizontally on the fine needle g m ; the bar j9 h 
being removed, this bar c d will arrange itself in the direction 
of the magnetic meridian (7), with all the attendant cir- 
cumstances before described (16). The direction c d being 
determined, turn the stand until the arm g t is at right 
angles to the direction c d ; remove the magnetized bar c d, 
and magnetize and place the balanced bar jp h an the fine 
pivot axis ; the bar will then assume an oblique position, 
and all the general phenomena of the inclination may be 
observed as before described, Experiment 7. 

This dip or inclination, together with the direction of the 
magnetic needle, is not everywhere alike, especially the dip, 
which varies from the equatorial parts of our globe where 
it is O, to the polar regions where it is a maxîmum or 90®* 
The direction is less variable, it being in some places a little 
to the east of the north, in others a little to the west, and 
in some points of the earth's surface there is no variation. 

25. The force developed in a bar of steel rendered mag- 
netic by artificial means, is greatest at the two extremities 
or poles of the bar, fix>m whence it is found to decrease 
toward the centre, or some point intermediate between the 
Fig. 16. two poles in which the force 

is no longer apparent. 

JExp, 11. Take a powerful 
magnetic bar N s, ^g. 16, 
about 2 feet in length, an 
inch wide, and -^ths of an 
incli tlaick. Lfâi ^iXx\a \i«^ \i^ 
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eqaalljr hardened throaghoat its lengih, and be uniformlj 
nuq^etîzed. Place ît on an elevated point of sapport c, as 
represented in the figure. Apply now at eacli extremity 
N s, and at any givcn points a h, and a' b\ intermediate 
between tbe extremities N s, and the centre c, a series of 
small rings of soft iron wire, varying from |th8 of an inch to 
;^tli of an incb in diameter, and formed of wire of ^th to ^th 
of an inch in thickness. The number of rings of eqaal size 
wbicb may be thus snspended in series (4), will vary 
throughont the distance between the centre c, and eifcher 
extremily N s, of the bar. The number which can be 
Bustained at the poles N s, being greater than at points a a', 
nearer the centre, and the nnmber which can be snpported 
at certaia points a a', will be greater than the number which 
can be supported at other points h 6', within these, nearer 
the centre c, and so on until we arrive at a point c, in which 
no attractive force is apparent. 

The variable attractive force between the centre and poles 
of the magnetic bar may be very beautiftiUy observed by the 
simple balance, described at page 35, fig. 29. By passing 
the bar from point to point under the suspended iron, and 
regulating the distance to the same point by a divided scale, 
the increased attraction on each point, as we approach either 
pole, may be minutely determined. We have only to select 
such distances as will enable us to observe the increasing 
force without oversetting the beam of the balance. 

26. The points in which the force is absolutely at zero will 
be foond in a line passing across the surface of the bar trans- 
versely to its length, and, if the bar have been carefally 
magnetized (16), will divide it into two equal parts. It will 
conseqnently be at the centre of the bar. This line has boen 
termed the mean or neutral Ime of that surface. In a similar 
way the points of greatest attraction will be found in two 
similar lines parallel to the mean line and at each extremity of 
the bar : these lines have been termed ttie llues oj t"Ke -poVa. 
A line passing longituămoXij througli tlie ceiv\xe oî ^^xci«eax 
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and polar lines, and dîviding the bar înto eqnal longitudinal 
parts, has been termed the axial line of tliat surface. The 
point of intersection of the axial and mean lines has been 
termed the magnetic centre^ and of the axial and polar lines, 
the magnetic poles of that surface* 

If each surface of the bar be similarly magnetized (20), 
80 that the magnetism of the opposite and homologous 
points îs equally and similarlj developed, then all these 
points and lines on each surface may be taken to coincide 
and concentrate in the substance of the bar, giving to the 
bar an ideal transverse and longitudinal magnetic axis, or 
a magnetic centre and two magnetic poles. 

The term polSf it is to be observed, has been occasionally 
omployed in other senses ; each half of the bar, for example, 
has been termed a pole, It has been also used to designate 
a sort of ideal point within each extremity of the bar, in 
which all the forces may be conceived to be coUected, and 
to be the same as if proceeding from every point of each 
polar half of the bar, — ^much in the same way as we con- 
ceive the existence of a point of concentration of force 
within any material substance, and which we term the 
centre of gravity. 

27. In magnetizing a bar of hardened steel by artificial 
magnets (21), it is requisite to touch each surface in pre- 
cisely the same way, and stop the process exactly at the 
centre (21) ; that is, if we require each sur£Eice to be alike, 
and the bar to be rendered uniformly magnetic from its 
centre to the extremities : in fact, the superficial boundaries 
of a bar of steel, of very sensible thickness, may be con- 
sidered, when magnetized in the common way (21), as so 
many distinct laminsB, each of which may be taken mag- 
netically as separate systems, so that the centre and poles 
of the one surface may fall differently to those of the other. 
It is by no means easy to obtain a magnetic bar extremely 
perfect as an experimental agent. We require, in the first 
place, steel of a uniform textnre and ec^BX\:y\iax^\xie^^T5 
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poiat^ and io he magnetised in snch w&j as to render the 
magnetic coudition of each snrface identical and coincideat. 

28. Tbe position of the magnetic centre and poles of each 
BDT&ce, togetber mâi the general magnetio coudition of 
the bar, and the reciproca! attractiona, repnlBions, and 
nentnlisatioa of the opposite foroes (14), maj be veiy 
beantifullj sbown in tJie foUowing waj. 

Es^. 12. Străin a piece of common drawing paper on an 
opeQ frame a C, fig. 16, and place it orer a bard steel bar 



Kg ia. 




B K, regniarly and 
powerfnUy uu^netio ; 
project on the paper 
over the bar, throiigh 
A small mnabn or 
lawn siere, eome fine 
ÎTon dnst or fihngs , 
the portîoles wdl ar- 

range themfielvea in a series of corred lines of maguetio 
force proceeding Irom homologona or simi]^ pointa on each 
Biâe of the middle of tbe bar, some nniting abont the mag- 
netic centre, otbers etanding ont at the extremities as if 
repelled from the poles n e, and tending to turn at con- 
siderable distancea into other cnrred lines of force, to unite 
theîr branchce between the opposite poles. This esperiment 
xa&j be rendered more decisive by slightly tapping the 
finger on the paper, so as to gire the particles a little vibr»- 

Exp. 13. OppOBe the dissimilar polee s N, fig. 17, of two 



powerfiil bars to each 
other at abont 2 înch es 
distance, and project 
ovor them fine 
filings as before , si- 
mdar resnlts enene 
Magnetic lines of 
torv^ boţi atraigbt 



Fig. 17. 
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and ourved, and proceeding from eimilar pointa of each bar, 
wiU be apparent, aniting the two polea by chaîna of reoi- 
procal attraction. 

Exp. 14. Chaoge the position of one of the bars, ao aa to 
oppoae two similar polea h k, fig, 18 ; the lines of force will 
then appear to be conflicting linea ; the repulsive forcea wîll 
j- ,g canse a atraighfc line a b 

to appear on the open 
space or ileld between 
the polea, from which the 
iron du st stan da out 
trauBveraelf. At thia 
line, the opposed forcea 
on either side are appa- 
rently stnigglmg with each other, being ezerted in repaU 
sive directions from the oppoaed polea. 

Wb have in theae phenomena satisfefitory visual evidence 
of the existence of two distinct fbrcee — of their reciprocal 
aitractiona and repolsiona, and their mutual nentraliaation. 
29. Ahght magnetic bar m b, fig. 19, or a small magnetic 
steel cylinder, of great comparative length, haa been termed 
Fjg 19^ a magneiie needîe. When 

delicately poised on a cen- 
tral point e, Bo as to retain 
a horizontal position, and 
move &eely in a horizontal 
plane, it has been termed 
the hfyrizontalneedle. When 
poised on a fine central 
axis l, fig. 14, ao aato move 
&eely in a vertical plane, it haa been termed a vertical or 
dipping needle. If snspecded as in fig. 13, so as to have 
motion in both a horizontal and vertical plane, it has been 
termed the horizontal and verUeal neeăle. 
Two needJes as, BK, fig. 20, precisely eqnal and similar, 
poised upon a fine centre c, aud fixed to eocV o&et ■m'ik 'Onsia 
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opposite poles n s, s n, one immediately over the other, form 
what is termed an ostatic needle. In this combination, the 
directive force of the needles Pig. 20, 

(7) may be considered as be- k ^ 9 

ing altogether nentralised, or ' ^^^ 



H 



nearly so ; since it is not only ^ 
exerted in two eqnal and op- 
posite directions, but the dis- 
similar polarities N s, s N tend 
to neutralise each other. 

30. Instruments for ascertaining whether a substancehas 
polarity or not, and for detecting the presence and kind of 
force in operation, have been termed magnetoscopes. The 
horizontal, vertical, and astatic needles (29) may be con- 
sidered as instruments of this kind. The most simple kind 
of magnetoscope is a small horizontal needle, about an inch 
in length, delicately suspended by a fine silk fibre, or other- 
wise set upon a fine point and agate centre, within a small 
wood or glass case, as represented in the ^. ^ 

annexed fig. 21, and so set as to admit of 



some degree of dip or depression of either |_ ţ 

pole, as well as a perfect motion*in a 
horizontal plane. From the attractive and repulsive forces 
of similar and dissimilar poles (14), it is evident, fix)m the 
kind of effect produced on the poles of the magnetoscope, 
we may always determine the presence or kind of polarity 
acting on it. Thus, if such an instrument as that just 
described, fig. 21, be glided along the surface of any given 
substance vrithout any attractive or repulsive effect being 
apparent, such a substance may be considered as non- 
magnetic. If, on the contrary, we find both poles of the 
instrument everywhere attracted indifferenfcly, then we may 
infer tliat the substance is a magnetic substance : such 
would be the case with a piece of common soft irou. 
Should we find certain poînts attractive of oue o^ V\ie ^Ov«^ 
oftbe snmJl needle, and repulsive of tlie ottieT, ttieTi ^^ ^cmkI 

c2 




28 BUDIMENTABY MAGNETISM^^ 

iufer that not onljr is the snbstance a magnetic substance, 
but that it bas also polarity, or is a magnet. 

EECrPJROCAL ACTION OP MAGNETIC BABS. 

31. K a magnetic bar be poised horizontally on a central 
point (29), and a piece of soft iron be presented to it, tbe 
iron will be found attractive of either pole. Such, how- 
ever, is not tbe case on presenting to it a piece of magnetic 
steel. In tbis case, as in that of tbe native magnet (11), 
fig. 5, Exp. 4, it is fotind tbat the similar poles, or those 

1*18- 22i which, when the masses 

^ are suspended, point in the 

Xsame direction, repel each 
other ; whilst the opposite 
or dissimilar poles attract. 
I ^i^. 15. Suspend a mag- 
netic bar N p, ^g. 22, on a 
' ' fine centre c, and present 

to one of its poles P the similar pole jp of a second bar ^ n, 
the pole p will immediately recede, and be apparently 
repnlsed : present the^ pole p to the opposite pole n, the 
reverse of this will ensue — the bar n p will be apparently 
attracted. 

^jg* 23* Eayp, 16. Place a mag- 

netic needle or bar n s, fig. 

N 23, immediatelj over a 

I ^ strongly magnetised bar 

SN: the needle, as in Exp. 4 

(11), with the native magnet, will rest in no other direction 

but that in which the opposite poles s n and s n are 

opposed to each other. 

32. These reciprocal attractions and repnlsions may be 
taiken as fnrther evidence of the operation of two opposite 

forces, or magnetic elements, repnlsive of themselves, but 
attrăctive of eacb other (14), and wYiic\ ^\vet!L \\i^\m»i\j&V^ 
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combined, exactly neutraliBe or compensate their respective 
attractions and repulsions, constîtnting, in tKeir combined 
state, what may be termed the lateiit magnetism of the bar. 
When separate, and removed in a greater or less degree 
from their reciprocal influence, they become more or less 
active, and are thns in a condition to operate on the latent 
magnetism of other ferruginous matter (4). The neutral- 
isation of these forces, and thgir tendency to nnitş, is woll 
illustrated in the following way. 

Exp, 17. Place a short piece p. 

of soft iron T, fig, 24, abonţ ^ m ' y — :^ T 

5 inches long, in contact with rj 

a povrerftd magnetic bar M, 

which may be about 2 feet in length (19). Suspend from 
the iron T, by the attractive force communicated to it (4), 
a steel or iron ring ţ, Under these circumstances, let a 
second similar bar m', ^g. 25, be applied to the opposite 
extremity of the iron Yig. 25. 

T, and in such a way y -^ y / yjf 

that the dissimilar poles p. ^ 

» s of the two bars may 

operate on eaoh other throngh the snbstance of the iron : 
the resnlt will be, that the two magnetic elements vrill so 
exactly neutralise each other as to canse the ring r to fall 
away, the attractive force before imparted to the iron by 
the pole of the magnet m being in this case completely 
destroyed. 

liAGNETIO INFLUEîîCE OB INDUCTION. 

33. We have just seen (32), Jî^periment 17, that when a 
piece of soft iron is brought into contact with a magnetic 
pole, it immediately acquires an attractive power, as if the 
magnetism of the pole had spread out and pervaded the 
iron. In fact, if we examine a piece ot ÎTOii. tiovxa râ^^^xsl- 
Btanced hy meanB of the magnetoacoţe (âO'^i'^^ ţaA^^ 
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same polarity continued thronghoat the iron; it will every- 
where attracir one pole of the magnetoscope, and ropulse 
the opposite pole. If, however, we separate the iron t, 
fig. 24, from the magnet, and retain ît at a short distance 
from the magnetic pole, then a new case appears to arise : 
that portion of the iron next the magnet will have an 
opposite polarity to that of the pole to which it is opposed; 
the two magnetic elements (14) resident in the iron will, in 
fact, become separated ; one of them will be sensible at the 
extremity next the magnet, and the other at its distant 
extremity — a resnlt which we might expeot to follow from 
the repulsion of the similar elements and the attraction of 
the opposite elements (14). Thîs separation of the latent 
magnetism of the iron into its constituent elements has 
been termed magnetic induction, It is altogether a tempo- 
rary state or condition of the iron sustained by the influence 
of a magnetic pole, and vanishes so soon as that influence 
is withdrawn. 

Exp, 18. Place the small magnetoscope (30), fig. 21, on 
the mass of soft iron t, fig. 24, Experiment 17, in contact 
with one of the poles of the magnet M, suppose the north 
pole ; it will be found that the similar pole of the mag- 
netoscope will be everywhere repulsed and thrown up : and 
if we pass the instrument along the side of the iron, the 
opposite pole, that is to say, the south pole, will be every- 
where attracted. Hence (30) a north polarity pervades 
the iron T, and the south polarity or dissimilar element has 
been neutralised by the opposite element or power of the 
magnetic pole. 

Exp, 19. Let the iron t be now separated from the 
magnet m by a given distance p s, as shown in the annexed 

Fig. 26. figure 26 ; then, on 



M 



-y-^ y'-^'t ' y i applying the mag- 
3&=^ ^ ^r(J netoscope t to the 



surface as before, 
// wîIJ be found that one of its polea wii\\>e T^^^xXa^^Vj >(ÎCift 
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extremitj s, aud attracted by the distant extremify t : and 
if we apply a ring of soft iron r to tlie extremity T, it will 
be held up solely by the influence of the magnet operating 
throagh the iron r, at a distAnce. Let, for ezample, the 
opposed pole p be a north pole, than the near end s of the 
iron will be a south pole, and will repulse the south pole of 
the magnetoscope, which will be thrown np. On applying 
the instrument to the distant extremity T, the reverse of 
this will occur ; that extremity will be found to be a north 
pole, and will repnlse the north pole of the magnetoscope, 
so that the north pole P of the magnet will vanish as it were 
on the iron, and re-appear at its distant extremity ; and the 
iron wiU, nnder the influence of the magnetic pole P, Ibecome 
itself a temporary magnet, having its two poles and mean 
line, as in any other magnet of a permanent kind. A 
similar result wiU be arrived at in passing the magnetoscope 
along the side of the iron, as in the last experiment. 

34. It is, however, to be observed, that the position of 
the mean line will vary with the distance of the iron from 
the magnetic pole, and will approach the centre of the iron 
as we increase its distance fpom the pole, and conversely 
will approach the near extremity as we decrease its dis- 
tance from the same pole ; so that on making contact with 
the magnet the mean line vanishes, and the whole mass 
exhibits the same polarily as the pole of the magnet, re- 
solving itself into the case already illustrated, Exp. 18. 

JE7aîp. 20. Place the magnetoscope on the surface of the 
iron, as in the last experiment, fig. 26, and having applied 
the iron at a given distance from the magnet, slide the in- 
strument gradual ly, either towards or from the near end s 
of the iron, until a point be found in which the needle ceases 
to be repelled by the polarity of that extremity: if the dis- 
tance between the iron T and the magnetic pole p be small, 
that point will not be far from the near extremity s. Let 
the distance p s between the magnet and tti© \TOXL\i^ Tiss^ 
increased, the neutral point will be found \(0 ^lîh'^^ ic^ic»^'»^ 
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from the extremity s, and to have approacbed the centre 
of the iron. 

If the distance between the iron and the magnet be snffi- 
ciently great, and we allow the magnetosoope to project over 
the near end s, a second neutral point will be fonnd in the 
space between the iron and the magnetic pole, on which 
neither pole of the needle will be repelled. 

35. We may perceive by these experimenta, that the in- 
flnence of the pole f has been snch as to separate the two 
magnetic elements resident in the iron, attracting and 
rendering sensible, in points toward the near extremity s, 
the element opposite to that of the pole P, and repulsing 
and rendering sensible the similar element in points 
more remote and extending to the distant extremity T. 
The iron has thus become, under the inflnence of p, a tem- 
poraiy magnet. If therefore we neutralise the polarity 
of P, by presenting to it the opposite pole of an equal and 
similar bar, this induced magnetic state of the iron t will 
immediately vanish. 

Exp. 21. Suspend, as shown in the last experiment, fig. 26, 
one or more rings of steel or soft iron, at the extremity of the 

iron T, and then bring the 
Fig. 27. opposite pole s of an equal 

and similar bar m', fig. 27, 

gradually over the pole p of 

the inducing magnet M ; the 

ring r will be then observed 

to faU away ifrom the iron 

T, by the neutralisation of 

the opposite forces resident 

in the poles P s of the two 

magnets m m' ; and these 

actions will all take place at a distance, without any near 

contact of the respective masses. 

I^ ia ăeaivahle in these experimenta that the iron should 

i^e very soft, and be in no sensible degree ina,^^\ÂG \ SX» 
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shonld be of the same breadth and depth as the magnet, 
and may be aboat one-fourth of the length. Bars abont 
2 feet long, 1^ inch wide, and fths of an inch tbick, are 
well adapted to these investigations ; tbey may bowever be 
successfdllj pnrsned with mach smaller bars. 

36. The two magnetic forces being thus separable by 
indactîon, Exp. 19 (33), and made to appear, as it were, 
in different parts of a mass of iron, it might be inferred, 
that if we coald remove the distant extremity of the iron t, 
fig. 26, whilst nnder the infiiaence of the magnet m, we 
shonld thereby obtain one of the elements in an insa- 
lated state, muoh in the same way as we obtain the 
positive or negative force in electricity, nnder similar 
circumstances.* Snch, however, is not the case : on the 
removal of a distant portion of the iron, all iraces of pola- 
rity vanish. 

Uxp. 22. Let the iron t, fig. 28, be constnicted in two 
parts mn^ closely gronnd 
together,th0 part u being Fig. 28. 

about 2 i^ches long, and ^ ^ 

m 3 inches long. Place ^ ^ ^ ^-^ 

this compound mass ^ ^ 

nnder the inflnence of 

the magnet M, as in Exp. 19, so that the extremity n may 
becomş attractive of a ring of soft steel, and repnlse or 
attract one pole of the magnetoscope (30) : fix the iron T 
and magnet M, and then withdraw the distant portion ». 
The extremity n will no longer repnlse one of the poles of 
the magnetoscope, but will operate equally on both, showing 
that its polarity has vanished ; neither will it exhibit any 
attractive power on soft iron or steel : the induced force 
has hence disappeared. 

We may conclude from this experiment, that either both 
the elements were always present, and had no^ T^^otcWecifâ^^ 
or otherwiae that the opposite element \\«uâL \>eieîL ^«râ^*^ 

Budimentary Electricity ' (1869), Exp, 14, -^a^b \1 . 

c 3 
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from surrounding matter — a snpposition scarcely tenable 
in the present state of onr knowledge of magnetic pheno- 
mena. Whatever be the natnre of the agency npon wbich 
these cnrious facts depend, there is every gronnd for sup- 
posing that the two elementary forces (14) never leave the 
particles of matter with which they are associated. Thus, 
in the commnnication of magnetism by the lodestone to 
hardened steel (16), and firom one piece of steel to another 
withont limit (16), neither the lodestone nor the Artificial 
magnet loses any of its inherent power ; nothing therefore 
appears to be communicated ; the whole result is entirely a 
species of molecular excitation, or a calling into sensible 
activity certain forces already existing in the magnetic 
substance (33), and which, nnder ordinary circnmstances, 
remainin a quiescent or neutral state. No means yet 
devised have ever insulated these forces in such way as to 
enable us to obtain one of them only, independently of the 
other. We cannot, for example, produce a magnetic bar 
having a single pole ; for although we touch one extremity 
of the bar only with one pole of the lodestone (16), still 
two poles will appear in the bar, although the one induced 
by the presence of the other may not be so forcible. 

JExp. 23. Magnetise regularly a bar of very highly toim- 
pered steel, break it into two parts exactly in its mean line 
(26) or magnetic centre, on one side of which we have one 
kind of polarity, and on the opposite side the reverse 
polarity (26). Examine the fraotured ends of each piece 
by the magnetoscope : two poles will be found to exist in 
the line of fracture, that is to say, in the points which 
before appeared neutral. If we again break the two parts 
each into two other parts, the same result ensues, and so 
on without limit. The only exception will be, that the 
magnetic centre and mean line (26) may not fall at the 
centre of the iractured parts. Such experiments are easily 
made with bars very highly tempered (^7^ . \^ ^Y^eax^^ 
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therefore. tliat in eveiy instance of magnetic excitation the 
two forces are present, and are botli developed together. 



BBACTIVE POBCE OP IBON AND MAONETB ON EACH OTHEB. 

37. The influence of a magnetic pole in indncing in a 
mass of iron a temporary magnetic state, Exp. 19 (33), 
being sncli as to canse an opposite or dissimilar polarity to 
appear at the proximate parts of the iron, and the same 
kind of polarity in the more remote or distant parts, we 
shoold expect to find a given amonnt of neutralisation of 
the magnetic pole or reactive force apparent, much in the 
same way as if a second permanent and opposite magnetic 
pole were opposed to the pole of the inducing magnet (35), 
Exp. 21, and such is ohserved to be the case, 

Exjp, 24. Ran a fine needle d e, flg. 29, transversely and 
perpendicularly throngh the centre of the opposite angle of 
a light beam of clean grained deal A B, about 14 inches in 
length, and one-fourth of an inch sqnare, so as to give the 
beam a delicate axis of snpport. Mqunt this beam on two 
small cheeks of glass d e^ 
supported in any conve- ^ **^' 

nient way. Suspend a 
small cyhnder of iron n 
from one of the arms B, by 
a Hght silk thread, and 
connterpoise it by weights 
placed in a small scalepan 
m, suspended in a similar 
way from the opposite arm 
A : the iron oylinder may be abont 1^ inch long and one- 
fifbh of an inch in diameter : it should be carefuUy con- 
structed of very soft iron. Attached to the centre of the 
beam under the axis is a light index of xeed. c Ti, Tasy^^ţJîţJ^^ 
over a gradnated arc h. 
The beam being accuratelj poised, and t\\e ViA'BX. c "U v^V> 
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zero of the arc, place one of the poles of a powerfally mag-r 
netic bar m at sach a dîstance beneath the suspended iron 
n as will incline the beam A B without oversetting the 
balaDce, and bring the index into the position of the dotted 
line, that is, to a certain division of the arc. The beam 
being thus inclined, oppose to the pole jp a mass of sofb 
iron T, of equal breadth and thickness to the magnet M. 
The beam -will immediately tend to right itself, and the 
index will again decline, showing the nentralising or 
reactive inflnence of the iron on the pol0 of the magnet M. 

38. It will be convenient, in experimenta of this kind, to 
place the iron and magnet on a gi'aduated scale resting on 
a small table, the elevation of which maj be varied, so as 
to measnre the distance befcween the extremities of the 
magnet and iron, and at the samq time, by means of a ver- 
tical graduated scale, note the distance between the magnet 
and suspended iron n. (See * Philosophical Transactions * 
for 1831, p. 501, Plate XIV,) See ftlso fig. 77 (123). 

Uxjp, 25. This reactive force of the iron T on the magnet 
M will be also apparent in placing the iron immediately 
under the magnetic pole, as at _p, fig, 29, but it will not be 
so sensibly indicated as in the Iş^st cş/Se : it will be also 
evident in placing the iron over the magnetic pole, imme- 
diately between the magnet and suspended iron, in which 
case, by operating more directly on the nearest points, it is 
powerfiilly apparent. The iron has beon said, in this case, 
to screen off or intercept the magnetism of the bar M — a 
result commonly attributed to a sort qf insulating power or 
magnetic opacity in the iron, but which evidently arises 
Bolely from the annihilation of the attractive force to a 
greater or less extent (35) ; the same result being obtained 
when the iron is placed either beneath or at the extremity 
of the bar. We have merely to observe in this last case, 
tliââ the iron must not be so near the suspended cylinder, 
Jjor tbe magnet so near the iron, as woxxYd aSecX.\)afcW^ajciae^ 
fy^induction npon tbe intervening masa C^^^. 
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39. The distance within the magnet at which the neu- 
tralising efiTect of the iron is sensible when placed next its 
extremity, as in Exp. 21 (37), has no limit, but is felt in 
every point np to the central parts of the bar in which the 
least degree of force can be detected. 

Eapp, 26. This may be easilj observed by bringing given 
points of the bar nnder the suspended cylinders, and op- 
posing a mass of iron to the magnetic pole at a giyen dis- 
tance. The amonnt of neatralisation depends, as may be 
conceived, on the force induced in the iron, and on its 
distance from the magnet. Large masses of iron np to a 
certain limit, and varying with the degree of force in the 
magnetic bar, have a greater nentralising influence than 
smaller masses, and it appears to be of no moment to the 
experiment whether the iron be opposed to the magnet in 
the direction of its length, as in hg. 29, or be placed trans- 
versely to the pole. 

Uxp, 27. — Repeat the preceding experiment with bars of 
different degrees of power, and masses of iron varying in 
dimensions ; the respective nentralising efiects will be easily 
determined. 
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CHAPTER ni. 



THE ELECTBO-MAGNET. 



Reciprocal Action of common Magnetism and a Voltaic Current — ^Elec- 
tro-magnetic Forces — Magnetic Deflections and Kotations — Electro- 
magnetic Multiplier — Steel magnetised by Electrical Currents— 
Electro-magnets and the Laws of the Developn\ent of Magnetism by 
Voltaic Electricity. 

40. The next series of phenomena claiming attention 
arises out of a property peculiar to natural and artificial 
magnets, by which they tend, when freely suspended, to 
arrange themselves in a certain relative position to a wire 
carrying a cnrrent of voltaio electricity. These phenomena 
have been hence termed electro-magnetic, and althongh of 
snflBcient moment and extent to come nnder a separate and 
peculiar branch of physical science, yet so far demand a 
brief notice bere, as constituting a very important property 
of the natural and artificial magnet. 

With a view to a clear conception of these reciprocal 
m.agnetic and voltaic actions, it is requisite to understand 



Fig. 30. 



J^'^ 



7^ 
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that two plates of zinc and 
copper z c, fig. 30, placed near 
each other in a vessel of dilute 
acid, and connected by a me- 
tallic circuit c' s N 2;', tumed or 
directed inany manner, giverise 
during the solution of the zinc 
in the acid to a peculiar electro- 
chemical action, by "which a cur- 
rent of electricity is supposed to flow from the zinc plate », 
212 the direction o£ the small arrow, through the acid upon 
^he copper plate c, and from thence t\iTou.g\v \i\i^ ToaVaXVvi 
vrcnit c c' SN z' z, hack again upon tlie zinc ip\a\,G %*. ^ ^oisl- 
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bination of this kind has been termed a voltaic circle, and 
the metallic circuit c' s N z\ the nniting wire. 

EoEfp. 28, This understood, let s n be a perfectly straight 
portion of tbis circuit, wbicb, as a standard of reference as 
to position, we will snppose to be in the direction of the mag- 
netic meridian ( 7) . Let j> < be a magnetic needle suspended 
bj means of tbe arrangement, fig. 14 (24), below and 
parallel to N s ; then, directly we complete the Communica- 
tions N z' % — s d c with the zinc and copper plates z c, the 
needle jp t varies from the meridian, and tends to place itself 
across the wire N s, and in such way that whichever pole of 
the needle is next the copper plate c, that pole moves to the 
right hand or towards the east, If therefore, as in fig. 30, 
the current flow over the needle from c io z through the 
wire s N from south to north, and the observer be looking 
over the wire in the same direction — then the south pole ^, 
next the copper plate c, tums to bis right hand or to the 
east, and the north pole jp, to bis leffc hand or west. If we 
suppose the position of the plates c and « to be changed, and 
the direction of the current reversed, by connecting the ex- 
tremity N with c, and the extremity s with z, so as to cause 
the current to flow from north to south, then these deflec- 
tions are also reversed. The south pole t now goes to the 
left hand, and the north pole p to the right hand — that is 
to say, the north pole _p, being now next the. copper plate, 
goes to the right hand. 

Exp. 29. Place the needle above and parallel to the wire 
s N, then the reverse of all the former deflections will be 
obtained; whichever pole of the needle is now next the 
copper plate, that pole moves to the left hand or west. 
When the current, therefore, flows from south to north, the 
south pole t, which before went to the right hand or east, 
now goes to the lefb hand or west, whilst the north pole ^ 
tums to the right hand : if we reverse the curteut^^TA^waL^'^i 
ib to £ow âxnn north to south, as in ttie \a»\> ex.^«râafeT3^> 
then these deăections are again reversed \ ^^ TLOT^ihv ^<^^ 
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of the needle, being now nexfc the copper plate of the bat- 
tery, goes to the left hand. 

41. The following Table I. comprises, nnder a perspicaous 
form, these several deflections, together with the relative 
positions of the needle and direction of the current : 

Tablb; I. 



Wire over the Needle 


Wire onder the Needle 


. Direction of 
current 


Deflections 


Direction of 
current 


Defleotiona 


(a) South to/ 
North \ 

(6) North to/ 
South \ 


N. Pole to the left. 
S. Pole to the right. 

N. Pqle to the right. 
S. Pole to the left, 


(c) South tof 
North \ 

(<?) North tof 
South t 


N. Pole to the right. 
8. Pole to the left. 

N. Pole to the left. 
S. Pole to the right. 



42. That these deflections arise from a distinct and inde- 
pendent acfcion of the ourrent on each pole of the needle at 
the same instant, is evidei^t from the following experiment : 

JEJxjp. 30. I^et pcn and n' d j?', ^^, 31, be two light mag- 
netic bars, bent so as to place one half the bar j? c at right 
angles to the other l^alf n c ; balance these magnets on fine 



Fig. 3J. 



Ci 



n 



'^ 



n 



centres pe', immediately under 

a wire c z, to be connected with 

the zinc and copper plates of 

thp voltaic circlp : take c zîr 

the direction of the magnetic 

njeridian as before, and snp- 

- pose the poles p n' of the 

magnets in the same straight line pod n', We may, in this 

arrangement, take the distant vertical poles n p' of these 

bars to be without the limit of the infli^ence of any current 

passing through c ^ : conneot the wire « c at points z c, with 

the zinc and copper plates of the voltaic circle, fig. 30 ; 

both the magnets will be moved, and in opposite directions, 

as speciGed in the above Table, 

It may be seen, hy reference to this TaVAe, ^;)[VB^X. \;5afâ ^^kxsvQ 

deUectiona are producea hj a current fLoViug onct ^utiaTxa^^<b 
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from soath to nortli (a) as by a cnrrent flowing under the 
needle from nortli to sontb (d) ; and, reciprocally, a current 
flowing nnder the needle from south to nortli (c) produces 
tbe same deflections as in flowing over the needle from north 
to south (h), Hence, if in the last experiment, fig. 31, one 
of the bars, j?' cf n\ be raised âbove and parallel to the wii*e 
c z^ whilst the other, p c w, remains beneath it, then, on " 
transmitting a current through the wire, both the bars 
move to ihe same side, that is, are deflccted in the same 
direction. It is not requisite, in these experiments, to place 
the bars or needle immediately over or under the wire s N ; 
it is sufficient that the needle be near and parallel to the 
wire, either above or below it. 

43. If the needle be immediately in the plane of the 
uniting wire on either side of it, no motion is obtained in 
that plane ; but if it be suspended in a vertical plane, on a 
honzontal axis, by means of the apparatns described, fig. 14 
(24), so as to admit of a deflection of inclination, then it 
tends to place itself across the wire as before. If the needle 
be on the east side of the uniting wire, that is, on the right 
hand, taking the current and direction as at first, then the 
south pole next the copper side of the battery dips below 
the horizontal plane, and the north pole next the zinc plate 
rises. If the current be reversed, the deflections are also 
reversed. If the needle be placed on the lefb hand or west 
side of the uniting wire, then the south pole next the copper 
plate rises, and the opposite north pole dips : by reversing the 
direction of the current, these deflections are again reversed. 

Mxp, 31. Let the horizontal bar a 6, fig. 14 (24), be 
placed at one side and parallel to the wire s n, fig. 30, as 
indicated in the annexed 
fig. 32, in which s N is 
the uniting wire placed 
in the meridian s N, and 
f t the bar halanced on 
tbe horizontal pivoty Bg, 



Fig. 32. 
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14 : complete the connections wifcli the voltaic plates, 
fig. 30, fche extremity s being eonneeted witli the copper 
plate c, and the extremity N with the zinc plate z ; then the 
pole ^, nearest the copper plate c, dips below the wire N s if 
the bar be on the east side of the wire, and rises above it 
if on the west side. 

44. It is apparent, from the snocessive directions of the 
bar as it becomes placed above, at the sîdes, or below the 
wire s N, that the foroe afîecting the magnet is a force 
transverse to the pole of the bar, by which, if the bar had 
complete freedom of motion in every direction, the poles 
would actually turn round the wire, but in different direc- 
tions ; and, conversely, supposing the bar fixed and the 
wire s N carrying the cnrrent free to move, then those 
parts of the wire parallel to the magnet would rotate about 
the magnetic poles in opposite directions, in a similar way. 
If both are supposed free to move in any direction, then 
the wire and magnet would turn round each other ; and 
such is really found to happen, giving rise to a very beau- 
tiful and most important series of electro-magnetic actions. 
Exfp. 32. Let a magnetic bar m m', ^g. 33, be bent so as 

to produce a short oblique portion at 
the middle of the bar, with two verti- 
cal arms m m' ; poise it on a fine central 
point c, and let a wire N s be placed 
near and parallel to one of the arms, m. 
Then, supposing a descending current 
to flow from the copper plate c, ^g, 30 
(40), through the wire in the direction 
K s upon the zinc plate z, the magnet 
M revolves about the wire n s, upon 
the central point c ; and if the north 
pole of the bar be uppermost, the mo- 
tion will be direct, or from the left hand to the right. 
^^. 33. Converaelj, if the magnet m be fixed as in the 
annexed Gg, 34, and the wire lî s be mo^e«ib\Q ou «* ^xva 



Fig. 33. 
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centre o, then, on transmittiog the cnrrent as before, 

throngh tlie wire N s, it immediatelj Fig. 34. 

pevolves about the pole p of the 

ma^et, with a direct 8crew-motion, 

snpposmg the cnrrent to descend 

the wire, and the pole p to be a 

north pole. To enable these mo* 

tîons to go on withont distnrbing 

the progress of the cnrrent and the 

connections with the voltaic plates, 

the moyeable parts dip into gmall 

cnps and cistems containing mer- 

cnry, and with which the plates of 

the Yoltaic circle, fig. 30, commnni- 

cate, as indicated in the fignres. 

45. The tangenţial or transverse force, by which a mag- 
netic pole is cansed to revolve abont a wire transmitting a 
cnrrent of voltaic electricity, is eqnally apparent when the 
magnetic bar itself becomes the conjunctive wire of the 
battery; so that an electrica! cnrrent flowing over or 
throngh a magnetic bar from one of its poles to the eqnator, 
or from the eqnator to either of the poles, causes such a 
bar to revolve npon its axis, 
the reqnisite mechanical ar- 
rangements for motion being 
complete. 

Es^, 34. Let a magnetic 
bar s p, fig. 35, be monnted 
vertically between two deli- 
cate centres : the bar may be 
abont 18 inches in length, 1 
inch wide, and ^ of an inch 
thick. Let an electrical cnr- 
rent (40) be cansed to flow 
from either of the polea P sto 
the eqnator d, or Gram d to 



Fig. 35. 




44 BUDIMENTABT MAGNETISM. 

either of the poles p; the bar will immediately revolve 
npon its axis p s, the direction of the motion being such 
that, supposing the bar to rest upon its north pole p, the 
centre d being in cpmmiinication with the copper plate of 
the battery C, and either or both of the poles p s in commu- 
nication with the zinc plate z, electrical currents will flow 
from the equator d to the poles (40), and the bar will 
revolve from left to right, as in the motion of the hands of 
a watch, or a common right-handed screw. By reversing 
the communication with the voltaic plates, that is, placing 
the poles p s in connection with the copper plate, and 
the centre d with the zinc plate, the electrical current 
will flow from the poles to the equator d. In this case, the 
direction of the motion will be the reverse of the former ; 
it will be from right to left, or backward, as it were. 

Uxp» 35. Jî the position of the magnet be changed, that 
is, if we place it to rest with its south pole below, then, 
the communication with the voltaic circle remaining as in 
the first instance, we also reverse the motion. Jî now the 
Communications be changed as in the last instance, we again 
reverse the motion, and obtain, as at first, a motion from 
left to right. 

To facilitate the passing of the electrical current over 
the magnet, the bar is supported between fine centres p s 
by a light vertical column fixed on a firm base ; a small 
ring or cistern of mercury d, also supported from the ver- 
tical column, surrounds the equator of the bar : the bar 
tums within this, and it is connected with the mercury in 
tuming by a small bent wire dipping into the cistern : the 
lower centre P tums upon an agate contained in a small 
cup at p, connected with the point z' : this cup contains a 
small globule of mercury, to keep up the metallic con- 
nection with the magnet : there is a similar globule in a 
small cavity at the upper end of the bar for the centre s : 
^Aîs npper centre is supported by a wire extending from the 
^ead of the pillar z z'. It is here evident tla».\., m eoi^i^^V 
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ing the points c z or c z' with the plates of the voltaic 
circle (40), an electricîal cnrrent will flow between these 
points throngh c d B z, ot g d jp z\ tlie direction depending 
on the respective connections with the zinc or copper plate 
of ttie circle (40). 

A reoollection of the relative direction of the motions 
we have been describing will be facilitated by keeping in 
mind the following simple formnla : a descending cnrrent 
moves a north pole to the right hand, or will give rise to a 
direct screw-motion : from this simple fact all other relative 
motions are easily determined. 

46. The reciproca! action of a magnetic needle and 
tiniting wire (40), together with the series of deflections 
in given directions shown in Table I. (41), have led to the 
invention of a very important magnetical instrument, 
termed the Electro-magnetic Multiplier, or Gtdvanometer, 
by which eztremely small magnetic and electro-magnetic 
forces may be detected and measnred. 

It will be apparent, by inspection of Table I., as already 
observed (42), that a cnrrent flowing both above and below 
a needle in opposite directions, deflects the needle in the 
same direction: hence it 
follows that if a magnetic 
needle p t, fig. 36, be sns- 
pended on a delicate centre 
c, within the bight of a 
retnming wire z d Cj and 
the extremities z c of the 

wire connected with the zinc and copper plates of the vol- 
taic circle by means of two little cnps containing mercnry, 
then a cnrrent will flow longitndinally round the needle, 
both above and below it, and in opposite directions ; that 
is to say, in the direction c d above the needle, and in the 
direction d z nnder it : the effect of this will be to defiect 
the needle wih twice the power by whicii \\» '^oxiXâL >» 
deâeoted with a amgle cnrrent only, as in &g. ^Q ^^^« 



Fig. 36. 
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If we imagine tlie wire z d c io he several times tumed 
longifcudinally about the needle, as in the annexed fig. 37, 
then the effect would be still fiirther increased ; it wonld, 

in facfc, become mnltiplied in 



Fig. 37. 




Vc 



proportion to the number of 
turns of the wire, which would 
represent so many additional 
cuiTents. It is only requisite 
to cover the wire with silk 
thread or some other imperfect or non-oonducting matter, 
so as to avoid metallic communication between the coils, 
and oblige the current to traverse the whole length of the 
wire. This is the principie upon which the electro-magnetic 
mnltiplier rests, and the delicacy of the effect is such that 
the needle will become deflected by the immersion of two 
pieces of zinc and platinnm wire less than ^th of an inch 
long and ^^th of an inch in diameter, in water slightly 



Fig. 38. 



acidulated. The annexed fig. 

38 represents this instrument 

under one of its most perfect 

and delicate forms. Two 

magnetic needles with their 

poles reversed to each other 

are fixed on a central rigid 

axis, so as to neutralise the 

directive power of the needles 

and render the system astatic 

(29), or nearly so, merely 

allowing a sufficient force to 

bring the whole into the 

meridian. This system is sus- 

pended by two parallel threads of unspun silk r n, one of 

the needles being within a rectangular coil of wire z d c, 

and the other needle immediately without it, and over the 

npper part of the coil. The wire « c is covered with silk 

thread, so that the coils may not have ineVaăWG ^oTMo^viâ- 
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cation, and tlie eztremities p q are bronght ont near each 
other, and terminate in small cops p q^ containlng a little 
mercnry, for the better conyenience of commnnicating a 
current to the coil from any given sonrce. The coils are 
separated a little near the centre, to allow the axis of the 
astatic system of the two needles to pass throngh them. 

The slightest cnrrent transmitted throngh the, coil from 
1? to gr, or ţ to p, canses the needles to deviate from their 
constant position : both the needles, as is evident, will be 
impelled in the same direction ; the lower needle being in 
the position just described, figs.'36 and 37, whilst the npper 
needle, its poles being reversed, is impelled in the same 
direction by the npper side of the coil (41). 

The threads of the donble or bifilar suspension r n, in 
tending to cross each other as the needles turn, give rise to 
a reactive force which may be set a^ainst the defleetîve 
force employed to measure it: for this pnrpose a gradnated 
drcle 8 8 îa fixed nnder or round the npper needle, so that 
the angle of deflection may be accxirately estimated.* If 
the earth's directive force be completely neutralised by the 
reversed positions of the needles, then this would be the 
only force opposed to the deflective force : if not, then it 
becomes mixed with the little directive power left in the 
system, but which is generally so small as not to be of 
mnch moment. 

The instrument is set npon a convenient stand, and may 
be enclosed within a glass shade; the bifilar suspension 
being sustained within a tube of glass. 

Various forms of the electro-magnetic mulfciplier have 
been devised : several have a single needle only, as in the 
arrangement, fig. 37, which for all ordinary purposes 
answers extremely well, and is in some particular instances 
to be preferred. 

47. The simple voltaic circle, described fig. 30 (40), has 
been hitherto the only kind of combination referred to^ otl 
* Pbil Trana. Ut 1836, Part II. page 411 . 
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acconnt of ite simplicity ; it may, however, be proper to 
observe that we poeacas better aud more certam forma of 
thÎB vaJaable instrument of research. The Toltaic circle, 
îuvented hj Mr. Smee, and termed Smee'e batteiy, ia well 
adapted, and certainly tbe moat conveiiient, for ordinary 
parpoaee. In thia amuigement a ailver plat« c, fig. 39, 
Fig. 39. coated with platiniun, and termed plati- 

nised ailver, ia aubatitated for the nopper 
plate in the original circle (40) ; thia is 
l"]illM ] enoloBed between a donble zino plate, or 
between two zinc plates Z z, held firmly 
against a centre block of wood at the 
npper edgea of the plătea by a olamp and 
binding-acrew, bo that they have metallio 
oommnnication, and act together aa a 
■ aingle plate. The platinised ailver plate 
is prerented trom tonching the einc în any part by inter- 
mediate non-condacting tnatter. The cnrrent in this 
arrangement flowe as before ; that is to say, the platinised 
BÎlver plate haa the aame relation to the zinc plat« iu thia 
circle aa the copper plate în the origînfd oîrcle, fig. 30 (40) ; 
the dîfFerence ia merely ia the sabstance, arraagement, and 
poaition. 

We are indeht«d to Mr. Grove for the most powerfol 
Toltaîo comhination as yet prodaced ; the mctala employed 
are pîatînnm foii and zinc, coated with mercniy: the 
exciting liqnîds are concentrated nitrio and dilnte snlphnric 
acid. 

It may be as well to observe that the experimenta hîtherto 
described have reference to a single comhination only ; that 
ia to aay, a aingle voltaîc circle with two plătea, or acting 
aa two plătea only, and not to a aeriea of anch plates in 
cells, as in the ordinary compound batteriea : in these the 
coarse of the cnrreut throngh the wirea ia not the same as 
ia B battety witb a single pair. 



STEEL MAGNETIZED BT ELECTEICITT. 49 



2 



STEEL MAGNETIZED BT THE ELECTRICAL CURRENT. 

48. One of the many important results of these dis- 
ec verîes is the means of impai*tîng a high degree of 
magnetism to iron and steei, and to so great an extent as 
to give a soft iron rod a lifting power of more than a ton. 

We have seen (40) that the electrical and magnetic forces 
are so related that the one is exerted at right anglcs to the 
other ; thus (Exp. 28) a magnetic needle tends to stand 
directly across the conjnnction wire. We derive from this 
elementaiy principie a means of disturbing the latent 
magnetic forces resident in magnetic sabstances, by which 
these forces become separated, and the body rendered 
magnetic, precisely in the same way as effeetod by the 
contact of an ordinary magnet (20). 

Exp, 36. Place a perfeotly neutral bar of hard steel p t, 
fig. 40, across a metal lic wire c z, 
pniting the plates of a simple voi- J^J 

taie circle (47), and as a standard 
of reference as to direction and 

position, let the uniting wire c z he ^^^ 

in the line of the magnetic meridian, |[ ^ 

c being its south, and z its north 
extremity. Under these conditions, 
draw the bar p t forward and back 
several times across the wire c z, from end to end, finally 
stopping in the centre q : on removal, the bar will be found 
to have acquired a strong polarity. If the current bo 
passing from c to «, that is, from south to north, the wire 
being in this case under the bar, then the east or right- 
hand extremity p will have become a north polc, and the 
left-hand or^west extremity t a south pole, which is precisely 
what wouM happen from the experimental facts already 
givcn (41), and îrom which it must alao îoVloyî , ^"ab^ Vj 
reversing the direction of the current on "^VacVi^^ ^^ ^'^'^ 
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under the needle, the resulting polarities would be also 
reversed. 

Exp. 37. Place the bar t p under the wire c z, all other 
things being the same, and repeat the process of magnet- 
izing as in the last experiment; on removal, the west 
or left-hand extremity will have become a north pole, and 
the east or right-hand extremity a south pole. By reversîng 
the current in either of these cases, Experimenta 36 and 37, 
so as to canse it to flow in the directiou of z c, or from 
north to south, we again reverse the polarities of each, and 
may hence obtain the same polarities whether the bar p t 
be placed over or nnder the wire c z ; that is to say, a 
current jflowing from c io z under the bar will give rise to 
the same polarities as in flowing from z to c over the bar. 

49. As it is important to remember these relative direc* 
iions and polarities, it maj be as well to reduce them to a 
simple tabular form. 

TABLE II. — Slioiving the relative Folarities induced in a 
Bar of Steel hy the wjluence of an Electricul Current, the 
Bar being at Right Angles to the wire,Jig. 40. 



Current and Connecting Wire over the Bar 



Direction of the current 



O) 

Ti 
PQ 



- (a) South to 
North 

(5) North to 
South 



Belative position of the N. and S. Poles 



/Positive Pole determined to the left ^ 
\^ Negative Pole determined to the right 

r Positive Pole determined to tlie right 
\ Negative Pole determined to the left - 



Casei. 



Current and Connecting Wire under the Bar 



u 

? • 

O U J 

m mm 

U 

Ti 



(c) South to 
North 

{d) North to 
South 



r Positive Polo determined to the right ^ 
\ Negative Pole determined to the left 

{Positive Pole determined to the left 
Negative Pole determined to the right . 



' Case 2. 



We see here that similar polarities may be obtain ed with 

^Jie bar eiiher ahove or bclow the uni ting wire, provided the 

ourrents be reversed as in Experinieiits (^a") an^ ^d\ax^d.H\a.t 
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in both cases the results are virtually the same as already 
arrived at by means of the magnetic needle (41), Table I. 

50. If we fluppose a steel bar n s, fig. 41, crossed by 
Beveral wires a h c d, some above and some beneath the 
bar, and cnrrents passing through the wirea over the bar, 
all in the same direction c z, and through those under the 
bar, all in the reverse direction, c' z\ — such currents would 
all conspire to determine the north polar element in one 
direction, and the south 
polar element in the op- ^^' 

posite direction (41), Ta- 
ble I., and the bar would 
be at once rendered mag- 
netic. If the wires were 
suflSciently numerous to 
cross the bar on each point 
ab c d, &c., from end to 
end, every point would be 
acted on, and the resulting 
magnetic state become thereby powerfnlly developed. 

Exp. 38. Let a long piece of copper wire be wound round 
a piece of glass tube of about ^ an inch or less in diameter, 
and from 6 to 10 inches in length, so as to produce a helix 
or spiral, A B, fig. 42, and mount this spiral between two 
vertical supports as 
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represented in the 
figure. Place a per- 
fectly neutral piece of ( 
hard steel wire jp w, 
of about ^th of an 
inch in diameter, or 
a large sewing needle, 
within the helix, and 

connect the extremities A B with the zinc and copper plates 
of the voltaic cîrcloj Bg. 89, the steel p n >n\\\ \i^coTaa \xcl- 
mediately magnetic ; in fact, each turn. o£ t\ie ^^\t^Q»»s«^ 

i> 2 



. 
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Fig. 43. 



electrical currents to flow in reverse directions above and 
below the steel, as jnst described, fig. 41. If the coils of 
the spiral be numerons and close, they may be regarded as 
parallel circles standing at right angles to the direction of 
the enclosed wire, and with which the axis of the helix may 
be made to coincide. The effect of a helix of this kind on 
a fine magnetic needle placed within it, is so powerfnl, that 
with a strong voltaic current the needle is sometimes canght 
np and retained on the axis of the spiral, as if liberated from 
the trammels of gravity. 

51. The kind of polarity given to steel or iron thns cir- 
camstanced will, as may be inferred (46), depend on the 
direction of the cuirent with reference to the axis of the helix, 
and this again will depend on the connections with the plates 
of the voltaic circle and the direction in which the helix is 
turned. Now, the spiral may evidently be tnmed either 

direct, as in the threads of a com- 

mon oork-screw, forming what is 

termed a right-handed helix, as 

in the annexed figure 43, or they 

^. .. may be tumed in the reverse 

ATWWY^nAn <iirection, in which case we have 

. Q^AJVJyyvW a lefUhanded heHx, as in the 

annexed figure 44. 

Exp, 39. If we suppose the helix to be a reverse or left- 
handed helix, as in the annexed figure 45, the current flow- 

ing from c to 2, 

round a sraall 

oylindrical steel 

needle or wire 

p N, and the 

coil standing in 

the direction of the magnetic meridian c' z\ so that the 

cnrrent maj flow under the wire in the direction c' z\ from 

south to nortb, as indicated by l\ie dotted lincs, and over 

^^e needle In direction z' c', £roiaîiOTtlatoaoul\v,^&Vxi^\<csjXft^ 
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by the full lines, then any one of the coils c' z' under the 
wire would ftilfil the conditions of Experiment 36, and 
with the wire itself be faithfuUy represented in fig. 38. In 
this case, as maj be seen by Table II. (49), case 2 (c), and 
case 1 (6), the positive pole p will be determined to tlre 
right hand, and the extremity p, of the wire next the copper 
plate c, will be a north polo : by similar reasons the opposite 
extremity N will be a south pole, and next the zinc plate of 
the batteiy. 

Exjp, 40. If we take a direct or right-handed helix and 
an enclosed wire p N, as in the annexed figure 46, and 
transmit the cur- 

rent as before from ^^' * 

c to 2J, then the re- 
verse of all this oc- 
curs ; the currents 
flow under the wire 
from north to south 
in direction z' c', 

and over the wire from south to nol*th în direction c' z'* 
Under these conditions by Table II. (49), case 2 ((?), and 
case 1 (a), the positive pole p is determined to the left 
hand, so that the extremity P of the steel cylinder p K 
next the zinc plate becomes a north pole, and, by similar 
roasoning, the opposite extremity ne^tt the copper plate c, 
a south pole. Supposing the current to be reversed and 
to pass through a direct helix from left to right, as from 
c to 2, fig. 42, the copper plate of the battery being to the 
left hand, and which is the ordinary form of the experiment, 
the north pole will be always determined next the zinc plate, 
that is, to the right hand. 

52. It will be usefal to the student to remember as a 
general fact, that supposing, fig. 42, the observer to be 
faciug the north, n, and the helix A B placed transversely 
before him so that its axis may lie cast aud we&t^ then if 
the current be descending the coils o£ t\ie «^VNiX ^yc^jCîvN:^ 
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Fig. 47. 



before him, the north pole is determined to the riglit hand, 
and the south pole to the left. Reciprocally, if the current 
be ascetidiug the coils of the spiral directiy before him, then 
the south pole is determined to his right hand, and the 
north pole to the left. Hence, with a direct helix, the north 
pole will be always found next the zinc plate, and with a 
left helix next the copper plate, as may be easily seen by 
inspecting figs. 43 and 44, the direction of the currents 
being either from left to right, or right to left. 

53. The magnetic power developed in soft iron closely 
surrounded by heliacal coils transmitting electrical currents 
all in the same direction is so great, that a curved iron rod, 
during the actiori of the battery, may be oaused to sustain 
an enormous weight. The usual form of the experiment is 
as foUows. 

JJJxjp, 41 . A cylindrical boit of soft iron P T N, fig. 47, 

about an inch or more in dia- 
meter, and from 30 to 40 inches 
long, is bent into the horse-shoe 
form, as indicated in the figure. 
It is then surrounded by several 
long coils of copper wire z T c, 
covered with silk or other in- 
sulating thread, so as to inter- 
rupt all metallic communication 
or coil with the other ; one set 
of coils is superposed on an- 
other, and all the ends of the 
wires p N on each side united 
into common terminations z c, 
tobeconnectedwith the Grove's 
battery (47). 

If when the cuiTents are passing through the coils we 
apply a soft iron keeper (10) p n, and cross the projecting 
poJes, it will be held fast wit i an enormous force, so that 
several bnndred weight^ w, may \)e aviapen^fe^ mVJtioxxl 
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breaking the contact. Elecfcro-magnets of tliis kind have 
been made sufficiently powerfal to support many tons. 

[The laws which govem the forces of electrc-magnets 
have been investigated by Lenz, Jacobi, and Miiller. 

Let M denote the magnetic force of the electro-magnet. 

n the number of convolutions of wire ; 

d the diameter of the wire ; 

Q the qnantity of electricity in circulation ; and 

c a constant mnitiplier; then 

This law only holds good for bars of iron whose length is 
considerably greater than their diameter, for feeble cur- 
rents of electricity; and nnder the supposition that the 
number of convolutions of wire is not so great as materia!ly 
to diminish the influence exerted by the outer coils upoa 
the bar of iron. 

These conditions are fiilfilled in the electro-magnet used 
for telegraphic purposes. 

It will be noticed in the above formula that M increases 
directly as Q and as n, but Q decreases as n decreases, sup- 
posing the electric force to remain constant. Hence it is 
evident that a certain proportion between the resistance of 
the wire and that of the remaining portions of the circuit 
must be preserved, to obtain the maximum magnetic 
force. This relation is found to be the folio wing : — 

' When the resistance of the coils of the electro-magnet 
is equal to the resistance of the rest of the circuit, i.e. the 
conducting wire and battery, the magnetic force is a 
maximum.' 

The experiments of Pfaff gave him the following resulte 
(Peschel) : — 

1. The amount of suspensive force is immediately de- 
pendent on the intensity of the electric current which cir- 
culates about the iron ; and the intensity of the magnetism 
excited in the soft iron is exactly proporiiOTiîX \.o VXvaK» ^H. 
the electric current. 
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2. The intensity of the curreiit continning the same, the 
magnet's suspensive power increases with the number of 
turns made by the wire, or; the total effect of all the coils is 
equal to the sum of their effects if taken singly. 

3. The attractive force of an electro-magnet increases as 
the mass of the iron composing it, and this increase is 
proporţional to the diameter of the iron cylinder, their 
lengths being equal. 

4. The purer and softer the iron and the more homo- 
geneous the mass, the stronger the magnetism it is capable 
of rec ei vin g. 

5. The form of the iron inâuences its suspensive power. 
Cylinders carry greater weights than rectangular bars ; and 
a hollow cylinder from which a portion has been cut away, 
so as to form a long horse-shoe magnet when viewed in the 
direction of its axis, but a very short one if taken as to its 
height, is capable of receiving a very great suspensive force; 
and lastly, a slight curvature of the polar surface adds con- 
siderably to its power. 

At the moments of magnetization and demagnetization of 
iron bars, peculiar sounds are produced. These are best 
observed by restiug the end of a long iron bar surrounded 
with a coil of covered copper wire on a sounding-board ; it 
thus becomes a musical note, which may be heard distinctly 
over a large room. 

By suspending an iron bar so that it could vibrate freely, 
and circulating the voltaic current by a wire so arranged 
as not to touch the bar, and breaking and renewing battery 
contact rapidly, Beatson elicited sounds as loud and dis- 
tinct as those from a small beli. He ascertained that at 
the moment the sound is produced the metal undergoes a 
sudden expansion, and that on interrupting the current a 
sudden contraction takes place, the expansion and contrac- 
tion being independent of that produced by the heating 
power of the current. 
The effecba are evidently caused by a laoVecxxXai ^Y^Xi^rcVi- 
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ance of the particles of the metal by the magnetic induci ng 
inflaence of the carrent. This is well shown by an experi- 
ment arranged by Grove, in which a glass tube, open at 
both ends, bat protected along its length with a copper 
jacket, is fiUed with water, in which is suspended powdered 
magnetic oxide of iron. On looking throngh the tube at 
distant objects, a considerable portion of the light is inter- 
mpted by the heterogeneoos arrangement of the particles 
of oxide ; but on passing şi current through a coil wound 
round the tube, these particles assume a symmetrical 
character, and mu eh more light is transmitted. Tyndall 
refers the lengthening of an iron bar at the moment of 
magnetization to the efifort and parţial success of the 
granules of which the bar is composed to set their longost 
dimensions parallel to the axis of the bar, in the same 
manner as iron filings, which are virtually so many little 
rods of iron, when shaken over a paper screen placed over 
a large âat magnet, set their longest dimensions in the 
direction of the magnetic curve.] 



i^â 
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CHAPTER IV. 

MAGNETO-ELECTRICITY, THERMO-MAGNETISM, AND DIA-MAGNETISM. 

Magnetism considered as a Universal Agency — Experiments of Coulomb 
and Becquerel — Arago's Kesearches— Influence of Metallid and other 
Substances on the Magnetic Needle — Faraday*8 Kesearches — ^Magneto- 
Electricity — ^Thermo -Magnetism — Supposed Magnetism of Light— 
Faraday's Discovery of a new Magnetic Condition of Bodies — Dia- 
Magnetism — General Relation of Magnetic Agency tocommonMattter. 

54. We have seen (32) that magnetic substances are said 
to attract, or are attracted by, either pole of the magnet. 
Non-raagnetic substances neither attract nor are attracted 
by the magnet. Magnetic substances are said to have 
polarity when they have directive force (7), in which case 
they attract one pole of a magnet and repel the other (30). 

Iron being, with rare exceptions, the only substance in 
which magnetic properties are powerfally apparent, almost 
every kind of matter was for a long time considered as non- 
magnetic; and hence arose an arbitrary classification, 
assembling the few substances susceptible, together with 
iron, of being attracted by the magnet, under the head of 
magnetic bodies, other substances being classified as non- 
magnetic bodies. It has, however, been made a matter of 
some question how far all bodies are not to be considered as 
magnetic bodies, a conclusion which has received very con- 
siderable support bj the many brilliant discoveries of 
modem times in this department of science. 

Iron is undoubtedly, of all substances, the most universal 
and powerful as a magnetic body ; and when we consider 
its great dispersion and admixture in a greater or less degree 
with other substances, there are certainly some grounds for 
inferring that the attraction of many bodies for the magnet 
may depend on the small quantity of iron they contain : the 
manjr experimenta, however, made on a large class of bodies 
essentmlljr differing in their composVt\on, and m ae^r^T«\ c^ 
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which the presence of iron could not be well imagined, 
necessarily led to tho conclusion that some other bodies 
at least, besides iron, must be considered as magnetic 
snbstances. 

The metal next to iron, which appears to afford the most 
decided evidence of pure magnetic development, is nickel, 
which not only attracts and is attracted by the magnet, bat 
is fnrther capable of retaining a distinct polarity. M. Biot 
determined by a well-executed experiment the comparative 
directive power of a magnetic needle of pure nickel, and a 
steel needle of exactly the same dimensions, and found the 
directive force of the needle of nickel about one-third that 
of the steel : these needles were 8 inches long, and tV^s of 
an inch wide, and weighed about 6 grains. Tho nickel had 
been carefuUy purified by M. Thenard. 

Mr. Cavallo found that hammered brass also acquired by 
hammering a great amount of magnetic force, alfchough 
every care was taken to free the brass from the presence of 
iron. This philosopher farther found, that several metals 
were also attracted by the magnet. Rhodium, iridium, and 
antimony, when heated, also evinced this property. Many 
non-metallic minerals and earths have been found attractive 
of the magnet, more especially after being exposed to tho 
action of fire. 

65. Weare indebted to Professor 
Wheatstone for a delicate and very 
elegant means of observing such 
magnetic forces. 

Exp, 42. If a fine short sewing 
needle, n, fig. 48, the eye end being 
broken off, rest upon its point p, 
on the polar surface j9 of a very 
powerful magnet M, it will gene- 
rally take a position inclined to the 
surface; but a locality may gene- 
ra/Jjr be found, in which the needle wiW &\A.Tid ive«A^ ^^"c- 



Fig. 48. 
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tical : this point may be ascertained by placing a piece of 
unglazed paper a c between the needle and point and the 
steel, and moving it about until the vertical position of the 
needle is obtained. If we elevate the paper and needle above 
the magnet to the greatest distance at which the needle will 
remain vertical, it becomes to the last degree sensitive of 
magnetic force, so that by bringing such specimens of the 
metals we have named, as have the least magnetic power, or 
containing iron, near the npper extremity of the needle, tho 
needle will be observed to incline and sway abont as it were 
on its point nnder their inflnence. The magnetism of 
nickel, cobalt, rhodinm, iridium, hammered brass, and other 
substances, easily becomes apparent in this way. 

66. About the year 1802, Conlomb endeavoured to deter- 
mine the question of a * universal magnetism,* by delicately 
suspending fine needles of various substances between the 
poles of opposed compound magnets (19), and causing them 
to oscillate, first, beyond the influence of the magnetic poles, 
and then immediately between them : the result, as stated 
by Coulomb, was, that the time of the oscillations became 
sensibly decreased by the influence of the magnetic poles, 
and all the substances tried finally settled in the direction 
of the poles. The annexed figure, 49, represents the form 

Fig. 49. of Coulomb's cele- 

t brated experiment; in 

which PN are the poles of 
two powerfiil compound 

magnets (19), p s a, 

jl small needle of any gi ven 

substance, about ^^ths 



^ 



of an înch long and Vtt^^ ^^ ^^ ^^^^ thick, suspended 
between the magnets by a silk fibre t e, attached to a small 
paper ring c, in which the needle p 8 was allowed to rest : 
the needle p s, and the poles P N, were covered by a glass 
receiver to shield the needle from the air ; by raising the 
rod at t, through the neck of the receiver, and to which Ihe 
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suspension thread t c, and needle p s, was attached, it became 
easy to place the needle, when required, beyond the in- 
flnence of the magnetic poles. It appeared from these 
results, that all bodies either contained indefinitely small 
qnantities of ii*on, or were otherwise snsceptible of ordinary 
magnetic influence, or finally, that, as suggested by M. Biofc, 
the phenomena dcpend on some force in natnre not hitherto 
known. 

57. With a view of detecting the presence of extremely 
small portions of iron in varions bodies, Conlomb resorted 
to the method of oscillation : having determined the accele- 
rating force of a known mechanical admixtnre of iron with 
a giyen snbstance, he found that the action of the poles of 
the magnet was proportionate to the quantity of iron the 
admiztare contained ; and that the presence of any qnantity 
of iron, however small, might be thus determined. M. Hauy 
JBought to render this method still more sensible, by deflect- 
ing a delicately snspended needle firom the meridian by 
means of a magnetic bar bronght within snch a distance of 
the needle, and in the same right line, as wonld cause the 
needle te stand nearly perpendicular to the bar, that is, east 
aud west. A needle thns circnmstanced is so sensible of mag- 
netic force, that avery feeble magnetic action exerted on it by 
another body will canse it to turn on its centre of suspension. 
M. Hauy oalled this the process of * double magnetism.* 

FoUowing out this process, Becquerel, finding that a needle 
of soft iron might be substituted for the magnetic needle 
employed by M. Hauy, proceeded to submit to experiment 
several oxides of iron, which he enclosed in a thin paper case, 
guspended in yarious positions at a giyen distance from the 
pole of a common magnetic bar ; and he found in certain in- 
stances, with an admixture of the second and third oxide of 
iron, that the paper case, instead of taking the line of the 
pole of the bar, as would be the result with a needle of soft 
iron, and with the magnet placed beyond it in the same given 
position, that the case stood at right angles to the line of 
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the poles ; from which he inferred that the line of magnet- 
ism was transTerse to tho direction of the poles. On re- 
peating Coulomb's previous experiment, fig. 49 (56), with 
needles of white wood and gnm lac suspended very near the 
magnets, bnt above the interval between the poles, he ob- 
tained a similar resnlt ; the needles, instead of settling in 
the line of the poles as obserred hy Gonlomb, stood trans- 
verse to that line. 

58. About the jear 1829, M. Arago made very considerable 
advances in this interesting physical qnestion, by one of 
those happy perceptions pecaliar to great philosophical 
minds. M. Arago thonght of observing the oscillations of a 
magnetic needle (6), (21), when placed in the vicinity of 
varions snbstances, so as to detect thereby any force which 
such snbstances might exert on it ; and he arrived at this 
remarkable fact — that the inflnence of snbstances generally 
on a vibrating magnetic bar was snch as to bring the needle 
more or less rapidly to rest, by diminishing the amplitude 
of the oscillations without at all afifecting the time in which 
an oscillation was performed. Metallic snbstances were 
found to have the greatest inflnence on the needle. They 
all brought the needle to rest more or less rapidly. 

Exp. 43. A small magnetic bar a 5, fig. 50, suspended 

by a delicate silk fibre t c, within 
a ring of copper a eh, ia rednced 
rapidly to rest on being allowed 
to vibrate freely across the meri- 
dian : e. g.a, small bar a h, about 
4^ inches long, -j^ths of an inch 
wide, and ^V^h thick, was sus- 
pended by a fine fibre within a 
copper ring, about |^th of an inch 
thick, and an inch deep ; the whole 
was covered by a glass receiver, 
and the «dr removed by an air- 
oump, The bar being drawn asîde 45 degt^ta ^^o\xv >iW 



Fig. 50. 
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meridian, was allowed to vibrate, and the nnmber of vibra- 
tions taken between 45 degreas and 10 degreaa. The same 
being determined when the copper ring was removed, it was 
fband, that in free space the bar perfonned 420 oscillations 
before ii reacbed an aro of 10 degrees ; whereas nben eur- 
ronnded by the copper ring, witb the polea very neM" tbe 
inner aorface, only 14 oscilktiona were perfonned before tho 
har oBCÎUated in an arc of 10 degreea ; thereby showing the 
great inflmence of the metal. In a ring of wood, the oacilla- 
tioQS were rednced from 420 to about 300.* This force of 
metallic bodies on the magnetic noedle is bo great, that 
plătea of copper and other metala mado to revolve rapidiy in 
a horizontal plane, and immediatoly under a sospended 
m^netic bar, dr^ the necdle roimd, and finally set it ia 
rapid motion — a reaalt wbich invariably ensues with the 
bodiea completely aheltered from onrrenta of air, and placed 
nnder glaaa screens in the best vacnnni whicb can be pro- 
daced by a conunon air-pump. There are eeveral methoda 
of exbibitiog this curions fact : a plate of copper or aome 
other metal is set in rapid movement nnder a magnetic 
needle, or conversely a m^netic bar is rotated nnder mo- 



Fig. 51. 



tallio plaies lîghtly g 
pended. The rotationmay 
he prodnced and con- 
tinued either by a train of 
wheels and a descending 
weight, or otberwiae by a 
poweifol iniţial impnlse, 
as in the method of spin- 
ning acommon hnnuning. 
kip, The following Ex- 
perimenta, taken from the 
anthor's papera in tbe 
' Philoaophical Transac- 
tions' for 18S1, are perhapa as perfect aa any yett^Wwveă,. 
' Harris, ■Pbilosophka.l Transactiona ' fot ISaLT*^^. 
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Exp. 44. A plate of copper a d, about 5 or 6 incbea în 
diameter aud ^tb of an inch in tliicknesB, is soldcred to 
a ring cf lead aud, about 1 inch deep tomed tnie in a 
latlie, and delicately poised on a point c, resting on an 
agate centre ; a screen of flat glase aldis placed ov-er the 
copper diac, and a magnetic bar m n poiaed on a fine centre 
ia placed centrally on the Bcreen : a ailk line having been 
wonnd many times ronnd the ring of lead «, previonsly to 
covering the disc, is attached to a train of wheela, and the 
line mn rapidly off the circumference aud; the wbole ia bj 
ibia contrivance set into a smooth and veiy rapid motion of 
from 700 to 800 rotations in a minute, whicb will continue for 
a considetable time witb a slow retardation : when the metal 
bas been thna aet in motion, and the bodies are efiectually 
Bcreened from each other in the way juat atated, if the centre 
e be previonsly aecured to the plate of an air-pnmp p p, we 
may cover the whole witb a glasB receiver p B F, and witb- 
draw the air ; in a short time the magnetio bar m n will be 
obaerved to spin round with imraense rapidity. 

Erp. 45. For eshibiting the rotation of a metallic plate 
by the infinence 



Fig. 62. 




of 



magnet, we 
may employ a 
faardened and 
magnetiaed cir- 
cnlar steel plate 
moant«d on a 
ring of lead, aa 
in the former 
case, or a small 
set of magnetic 
bara a d, fig. 52, 
aet and poiaed in 
a ring of lead u. 
and mounted on 
a centre c, as 
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before : tlie plate of copper m n, or other metal, is poised on 
a fine point, and placed immediatelj o^er tbis on a glass 
screeii, rapid motion being imparted to the magnetic plate 
or magnet a d, as before ; tbe copper plate above begins to 
rotate, and finally revolves rapidly with the magnet. 

59. When tkese novei effects were first obtained, they 
were supposed to arise from the latent magnetism of matter 
generally, by which certain small temporary forces were in- 
dnced. in bodies in the common way of ordinary magnetic 
induction (33), and that hence we had additional evidence 
of a universal magnetism. Arago, however, before attempt- 
ing any explanation of the cause of the phenomena, sought 
with his usnal penetration to resolve the force in operation 
into certain relative components, and he found amongst these 
a vertical repulsive force by which a long needle, suspended 
and poised over the revolving disc from the arm of a deli- 
cate balance, became thrown up: a second component con- 
sisted of a horizontal force by which the bar over the disc 
Totated ; and a third was observed to act in the direction of 
the radius of the disc, so that a dipping-needle or needles of 
incliuation (29) became in certain points repulsed from the 
centre of the disc, in other points drawn toward it. Taking 
these phenomena into consideration, together with the total 
absence of all sensible attraction between the magnetic 
needle and the copper plate when at rest, Arago concluded 
that the force in operation was not an ordinary magnetic 
force, but arose out of some peculiar and unknown agency 
to be yet investigated : the important fact, that only the 
amplftude, not the time of the vibrations of the magnetic 
needle, is affected by the presence of a motallic or other 
Bubstance, would go far in sapport of this opinion, since in 
every case in which an oscillating needle is exposed to the 
action of a magnetic substance, the time of its vibrations is 
changed. 

60. AboTcit the period of these researches, Faraday, con- 
sidering that as magnetism could be derived from the in- 
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flaence of ordiDary electrical currents, the converse of this 
proposition shonld be also true, and that magnetism should 
be producible by voltaic currents, sought bj the operation 
of powerfal magnets on helices of wire (51) to develop cur- 
rents of electricity throughout the wire ; and he succeeded 
in obtaining such currents for a small portion of time suf- 
ficiently strong to affect the electro-magnetic multiplier (46), 
so strong as even to produce the ordinary electrical spark, 
and in the following way. 

Exp, 46. A cylinder of pasteboard T, fîg. 53, was 
p. gg surrounded by several 

superposed helices of 
copper wire a b, about 
Tj'^th of an inch in 
diameter, and cut off 
from each other by silk 
orsomebad-conducting 
matter; alltheextremi- 
ties were coUected at 
■ each end, a and h, and 
connected with an electro-magnetic multiplier G ; a cylinder 
c d oî very soft iron was placed within the pasteboard case 
T, that is, within the spirals a h, and then the extremities c d 
of the cylinder were brought into contact with the opposite 
poles P T of two powerful magnetic bars, or an electro- 
horse-shoe magnet (53). A brief but decided electrical 
current rushed through the spirals, and the needle of the 
galvanometer became deflected in a given direction : here 
the action apparently ceased, but, on breakiug the contact 
with the magnetic bars, an opposite rush of electricity was 
induced in the wire, and the needle became deflected in the 
reverse direction. This effect, but in a less degree, was 
found to ensue by contact with the helix only, without the 
iron cylinder : in thi& case, however, a very powerful com- 
pound magnetic battery is requisite. 
JS,v^). 4:7, When a piece of copper plate was wrapped 
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once ronnd the iron cylinder c â, with interposed paper to 
preveni metallic communication, and the edges of the plato 
oonnected witb two wires passing to the electro-magnetic 
multiplier G, Qg. 53; then, on making contact with the 
poles of the magnetic bars, the needle was deflected as 
before. 

61. This effect has been termed magneto-electrical in- 
dnctîon, and the current itself, magneto-electricity. The 
inflnence of the magnet in this case is cousidered as ana- 
logons in its mode of action to that of a wire carrying an 
electrical cnirent on a similar secondaiy or passive wire 
placed very near it, and in which momentary electrical 
currents, sensible to the multipher, are induced by the 
action of the primary wire, but in a reverse direction — an 
effect which has been termed volta-electric induc ti on. 

62. The inductive influence of the common magnetic 
poles on an heliacal or convoluted wire, is also traceable in 
drawing a long slip or plate of metal through a small 
opening between tliem. Currents in this case also are 
indnced in the metal, which flow at right angles to the 
direction of the motion of the plate, an effect which may 
be rendered extremely sensible in the folio wing way. 

Exp, 48. Mount a circular copper disc, a b h dy fig. 54, 
about a foot 

Fig. 54. 



in diaraeter. 



and ^th of an 
inch thick, on 
an axis c, 
in any conve- 
iiient frame, 
and place two 
powerful mag- 
netic poles P N 
on each sidc 
of its inferior 
edge a. Lot 
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a stout grooved wire a, bearing against the edge of the 
circumference of the disc, and immediately between the 
magnets, be connected with one of the cups of the coil of 
the multiplier c, and a similar wife h c, resting on the axis 
G of the plate, be made to commiinicate with the other cnp 
of the multiplier ; let the copper disc be now tumed round 
between the poles of the magnets P N : immediately this is 
done, the needle of the multiplier is defleoted, currents are 
induced in the disc, either flowing from the circumference 
at a to the centre c, or from the centre c to the circum- 
ference at a and its vicinity, according to the position of 
the magnetic poles, aud the direction in which the plate is 
tumed : these carrents, retuming between c and a through 
the coils of the multiplier (which may be considered as a 
uni ting wire), (40) deflect the needle from its position 
within the coil. If we suppose the disc to revolve directly 
in the line of the meridian, that is, towards the north, and 
the north pole P of the magnet to be on the right hand, then 
the current flows from the centre c to the circumference a 
and the neighbouring parts, and back again by the multi- 
plier to the centre. If we reverse the motion, or change 
the poles of the magnets, then we reverse the direction of 
these currents. 

63. It appears from these and many other similar experi- 
ments, that whenever any metallic substance is passed be- 
fore a single pole, or between the opposite poles of a magnet, 
whether a metallic plate, slip, or even a long metallic wire, 
currents are induced transverse to the direction of the 
motion of the metal. Here then we have a fair explanation 
of this new species of force which Arago considered to 
exist in his experiments with a revolving disc and mag- 
netic needle (58), and which it must be allowed differ 
material ly from cases of ordinary magnetic action. Jf in 
the revolving disc (58), fig. 51, we take one of the radii 
in the direction of the magnetic meridian — suppose the 
radius c d in the annexed fig. 55, c being the south, and d 
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the north extremity, and imagine that by the motion of 
the disc adh s, in the direction 
of the arrows a 6, a current of 
electricity sets from c to d, imme- 
diately under the magnetic needle 
8 d, then, by (c) Table I. (41), the 
north pole of the needle d moves 
to the right hand, and the south 
pole 8 to the left, that is to say, 
in the direction of the motion 
of the disc. Now we may consider the disc as made 
np of a snccession of radii indefinitely near each other, 
and hence a continued current is produced immediately 
nnder the needle, which retums in remote portions of 
the disc, and by which the needle is first deflected and 
finally set into rapid motion ; and thus we are enabled (41) 
io explain every circumstance connected with these in- 
teresting phenomena. Similar reasoning applies to the 
case of the rotation of a magnet under a moveable disc, 
it being evidently of no moment whether we suppose. the 
disc in motion under the magnet, or the magnet in motion 
under the disc ; in either case the force is reciprocal (44). 
64. We may consider the tangenţial force in these cases 
to be resolved into two component forces, one parallel to the 
plane of rotation, and the other perpendicular to.it: the 
first causes the circular motion, the last would be a repul- 
sive force, as observed by Faraday, and is probably the 
particular force specified by M. Arago (59); and sin ce 
without the motion of either the disc or the needle the elec- 
trical currents would not be induced, it further follows that 
no attractive or other force is observable when the bodies 
are at rest. 

If we suppose the copper disc, fîg. 51, to be fîxed, and 
the needle m ?i to be in oscillation over it, or that the needle 
he in oscillation within a ring of metal, fîg. 50, there would 
nec^ssarily arise a dragging or retarding force xxi^avv tVi^ 



70 RUDIMENTARY MAGNETISM. 

needle, by whicli the extent of the vibration would be con- 
tinually abridged, wifchoat the time of the vibration being 
affected ; and hence the needle would bo rapidly brought 
to rest; for since the disc cannot move and folio w the 
oscillation, it must necessarily fetter the movement of the 
needle. 

65. When a thick plate of iron is interposed betwen a 
rotatory disc and a magnetic bar revolving over it, fig. 51, 
the motion is completely arrested ; but mere plates of other 
substances were not observ ed to exert any influence in this 
way as a screen. By subsequent researches, however, it 
was found that mass was requisite to this effect. Thus a 
mass of cop per about 3 inches thick and a foot square, 
being interposed between a rotatory magnetic disc and a 
thin disc of tinned iron poised on a centre immediately 
over it, completely arrested the motion impressed on the 
iron. Silver, zinc, and other metals exert a similar influ- 
ence, when employed in masses of sufficient magnitude to 
compensate for their respective magneto-electrical energies.* 
It is probable that this screening effect depends on similar 
principles to those already explained (38). 

66. We may obtain a comparative numerical value of the 
magneto-electric energies of various substances by the 

foUowing simple formula, ( f — 1 1 r, in which a represents 

the number of vibrations of a magnetic needle in freespace, 
taken between given arcs of amplitude, as, for example, 
between 45 degrees and 10 degrees ; 6, the number of 
vibrations within the same limits, under the influence of 
any particular substance, r being unity, as representing a 
constau tly retarding force. Thus, if in free space (Exp. 
43) a delicately suspended bar performs 420 oscillations 
before the arc of vibration is reduced from 45 degrees to 
10 degrees, and that under the influence of two given and 

* jSnrrîs, *Philosophical Transactions ' for 1831, Part II. p. 497, 
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differeot metallic snbstances, the vibraiions wifcLin the 

same limita are 30 and 20 respecţi vely ; then the energy of 

/420 N 
the one is represented by f -^ — 1 1 ^> and the other by 

( -^ — 1 ] r, that is to say, they are to each other as 

13 : 20.* 

67. By a serîes of experiments which are detailed in the 
* Philosophical Transactions * for 1831, Part I., it appear s 
that the magneto-electric energy of bodies is direetly as 
the mass of the substance within the limit of the magnetic 
influence, and inversely proporţional to the square of the 
distance of any partide from the magnetic pole. As a 
consequence of this, it was fonnd that the influence of the 
same substance on the magnetic needle is direetly as its 
density. The following Table exliibits the relative energies 
of the metallic substances subjected to experiment, and 
calcolated by the formula just given (66). 



* A magnetic bar or needle vibrating under the influence of any 
given substance (Exp. 54) may be conceived to be reduced to rest by 
two retarding forces, one which would reduce the bar to rest when 
vibrating alone, and the other emanating from the substance itself : caii 
the firet r, and the latter b, then we have for the corabined or toi al force 
r + B. Let a be the number of oscii lations in free space, and b the 
oscillations under the influence of any given substance ; then tirce the 
number of oscillations may be taken as inversely proporţional to the 
retarding forces, we have a : b : : r + b : r, or a r = 6 (r + b). From 

— b /a , \ 

being a constant force, may be taken as unity ; hence the variaWe force 



whence we derive b = = — -. — a r ^^ f "1 ~~ l^r: but r 



of the different substances on the needle may be represented by ^ — 1 î 

80 that in dividing the number of oscillations in free space by the num- 
ber under the influence of any gi^-en body, and subtracting unity from 
the quotient, we have a numeric al value of the retarding force of the 
body. 
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Table III. — Magneta- Electric Energy of Metals. 
Cast BiBmQth .... 0*45 



Fluid Mercnry 


• 




1 


Cast Antimony 


• 




1-3 


Solid Mercury 


• 




. 2 


Cast Lead 


» 




. 37 


Cast Tin 


■ 




6-9 


Cast Zinc 


■ 




. 10 


Cast Gold 


■ i 




. 16 


Cast Copper . 


« 




20 


RoUed Copper 


« 




29 


Rolled Silrer . 


1 




, 39 



Fig. 66. 




68. A disturbance of the equilibrium of temperature is 
another source of electrical currents \ix metallic substances, 
and whicli flow between the heated and cooled parts, so as 
to deflect the magnetic needle, as in the previons experi- 
ment. 

Exjp. 49. Let the extremities of a rectangular coil of 

insulated wire, fig. 56, be at- 
tached to the opposite ends of 
a bar of bismuth a b, and a 
delicate needle snspended 
"within the coil. Then, if heat be applied to one extremity 
a of the bar, the needle is immodiately deflected ; and this 
action is angmented if ice or other cooling snbstances be 
applied at the opposite extremity b. 

When two different metals are united by soldering them 
together, then, by heating the metals at the point of junc- 
tion, and cooling the more distant portions, this cnrrent 
action is very greatly increased. The most powerfal com- 
bination appears to be that of antimony and bismnth. 

Exp. 50. Solder together, at right angles to each other, 
four bars of antimony and bismuth, A dd e, and A B B e, 

fig. 57, so as to unite two com- 
bin ations of such bars into a 
rectangular frame A c. Place 
an astatic needle n (29) within 
the rectangle, and apply heat 



Fig. 57. 
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to one of the jtmctions, A, by means of a spirit-lamp, and 
keep the opposite angle c oool by means of ether dropped 
on a thin fold of muslin wrapped round the metallic joint. 
The needle N is immediately deflected from its position, and 
tends to stand at nght angles to the reetangle, as in other 
cases of deflection (40), 

The intensity of these thermo-electrical currents increases 
with the temperatnre, up to a certain point, abont 120° of 
Fahrenheit's scale ; after this, that is, probably, when the 
heat begins to pervade the metal more equably, the inten- 
sity of the current in most instances declines. 

[Experimşnts have shown that the thermo-electric pro- 
perties of metals have no connection with their voltaic rela- 
tions, or with their pow^rs of conducting heat or electri- 
city ; neitber do they accord with their specific gravi ties or 
atomic weights. In forming a thermo-electric series it is 
desirable to combine an extreme imsitive with an extreme 
negative metal. The foUowing series was arranged by Pro- 
fessor Cumming, When any of these metals are heated at 
their point of junction, eleetrical currents are developed in 
such a maniier that each metal becomes positive to all below 
j^nd negative to all above it on the li st, and the reverse 
Qrder is observed if ţhe point of junction be qooled : — 



Galena. 


Cobalt. -1 Gold. 
Manganese. j Copper, 


Charcoal. 


Bismuth. 


Plumbago. 


Mercury. 1 
Nickel. J 


Tin. Silver. 


Tron. 


Lead. Zinc. 


Arsenic, 


Platinum. 


Brass. Cadmiu m. 


Antimony. 



Palladium. Ehodium. 

The following thermo-electric ordcrandenergy of vai-ions 
hodiesfortemperaturesusuallyrangingaboutbetween46°and 
100° has been published by Matthiessen (Phil. Trans. 1858). 
In the table, the electro-motive force of the thermo-current 
excited between silver and copper is takcn as equal to 1, 
the current passing from the silver to the copper at tho 

E 
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heated end. The nnmbers represent tlie force of the cnr- 
i-ent between silver and eacfa metal in sncceasion, heated to 
the same point. Whea the positive sigu is prefized, the 
cnrrent îs from the aîlver to the other metal at the heated 
janction ; when the negative Bign is pre&zed, the cnrrent is 
from the other metal at a heated point towardB the BÎlver. 
Tlie asterisks denote tbat the metal hy which it ie placed 
wfls sapposed to be chemically pnre : — 

Thermo-Eleciric Ordtr of Metal*, ^e., according to Matthîaten. 







•Antimonj, pressod i» 


re . 0-036 




35-81 


•Silrer '/ . 


. o-ooo 




32-91 


Gascoke.hard. 


. 0-OâT 


•Bismuth, CMt . . 


249n 


•Zinc, pressed wire . 


. 0-208 


Crystallizedbisnrath.aiial 2i-59 


•Copper, Toltaic 


. U-214 


Ci'jBtallized bismuch, 




•CHdmium 


. 0-322 


equatorial , 


17-17 




re . 1-897 


Cobalt . 


8'97 


StroDtium 


. 2 028 




5-49 


Lithium . 


. a-768 


Kickel . . . 


6-02 


"Arsenic . 


. 3-828 


P.Jladmni . . 


3-sa 


Calcium . 


. 4-260 


Sidium . 


3-09 


IroD. piano ^ire 


. 5-218 


•MeMury . 


2-521 


Antmiony, aiial 


, . 6-985 


Alaminom . . 


1-283 


Aotimonj, equatoria 


. 9-135 


Magnesium . . 


M75 


AJloj, laLiisrauthl 


13-670 




1-029 




■Tin, pres6fd wîro , 
Coppetwira . 


1-006 


AllV,2anţimody | 
„ 1 zinc, cast f 


22-700 


Flatinum . . . 


0-723 


•Tellurium 


.179-80 


Iridium . . . 


0-163 


•Selenium 


. 3900 


r/iermo-pi'Zes.— The 


an-aiig. 


ment by Nobili an( 


Melloniis 


slaown in figs. 58 an< 


59. 


It is composed of 


V aeries of 




Bniall bara of antiniony and bismutb, placed parallel side by 
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BÎde, forming one prismatic bundlo about 1^ ircli long, 
and somewhat less in diameter. 

The bars of bismuth which succeed altemately to those 
of antimony are soldered at their extremities to the latter 
metal, and separated at every other part of their surfaces 
bj some insulating snbstance, snch as silk and paper. 

The first and last bars have ea^îh a copper wire, which 
terminates in a peg of the same metal passing throngh a 
piece of ivory in a ring ; the space between this ring and 
the elements of the pile is filled with some insulating sub- 
Btance. The loose extremities of the copper wires are con- 
nected with the ends of the wire of a galvanometer, which 
indicates by the motion of the needle any variation in the 
temperatore of the opposite faoes of the pile. 

A very efficient arrangement of the thermo-pile is that 
of Marcas. It consists of thirtj-six elements; the negative 
bars, which are six inches long, being composed of anti- 
mony 12 parts, zinc 5 parts, bismuth 1 part ; and the 
positive bars, which are ? inches long, being composed of 
copper 10 parts, zinc 6 parts, nickel 6 parts, 

The bars are arranged on a frame in a slanting position, 
the positive bar of the first pair being metallically connected 
with the negative bar of the second, and the two extreme 
bars connected with binding screws, which form the ter- 
minals of the battery. The upper ends of the bars are 
heated by a series of Bunsen's burners, the flames of which 
can be easily regulated, 

Thermo-electricity is charactorised by very feeble ten- 
sion. It can, therefore, produce feeble chemical action. The 
batteiy above described will, however, though on so small 
a scale, decompose water (feebly), and give small sparks 
between iron points ; will enable an electro-magnet to sus- 
tain 2 cwt, ; and when substitut ed for the voltaic battery 
with a 6-inch spark induction coil, will cause the produc- 
tion of sparks one inch long between the terminals of the 
secondary coil.] 

E 2 
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69. An opinion has been long entertained by philosoT 
pbers that, sin ce iron loses its magnetic energy at a very 
high. temperature, and regains it again as the temperature 
falls, there probably exists a low degree of heat at which all 
metallio substances would assume a magnetic condition 
similar to that of iron. Tbis view, however, bas not been 
confirmed by experiment. Faraday, in 1889, reduced the 
temperature of antimony, bismutb, cobalt, copper, and 
various otber metals, below 110° of Fahrenbeit*s scale, 
but witbout developing in these bodies any kind of magnetic 
power. We have, so far, no evidence of wbat may be termed 
the direct magnetism of temperature. 

70. Magnetic influenoe, as a universal agenoy, has been 
also extended to light, but with as little eventual oonfir- 
mation bycareful experiments. Dr, Morichini, an eminent 
physician at Rome, flrst oalled attention to an experiment 
in which a steel needle beoame magneţi ^ed by exposure to 
the violet ray of the sun, This experiment was repeated 
by several eminent persons, sometimes successfully, at 
others not. The talented and amiable Mrs. Somerville, 
amongst others, subjected a sewing-needle to the influence 
of several rays of the spectrum, and found that the needle 
had become magnetic. 

About the period of Mrs, Somervillş's experiments, Mr. 
Christie, in a paper communicated to the Royal Society, in 
1825, stated, that when a magnetic needlş was caused to 
vibrate under the influence of the solar beam, the result 
was to augment the rate of the oscillation, and ta bring the 
needle more rapidly to rest. 

Notwithstanding all these results, it is atill very doubtful 
whether the sun's rays have any direct magnetic properties. 
Faraday, who spent some time at Rome in 1814, failed, under 
Morichini's own direction, and working with Morichini's 
own apparatus, to magnetize a steel needle in the way de- 
scribed. The experiment, as adnutted by Christie, further 
* failed in the ablest hands.* It is hence very probable that 
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the magnetic condition occasionally found in steel needles 
on exposure to the rays of the sun, niay have arisen from 
the heating and cooling of the steelj from position, or from 
Bome other of the many canses of magnetic change, of which 
steel is (especially in some specimens) so very sensible. 
There is also solid reason for supposing that the results 
arrived at by Mr. Christie, by the method of vibration, were 
dependent on the presence of the air, and other disturbing 
causes, which interfered with the acenracy of the experi- 
ment ; since, on a repetition of the same course of inquiry, 
with the needles and other substances enclosed in an 
exhaasted receiver, the supposed influence of the snn*s 
rays altogether vanished. In this case, with a magnet 
oscillating in a void, the sun's ray had little or no in» 
fluence on the arc of vibration, whilst the rate was rather 
retarded, probably by a slight expansion of the bar, or de- 
crease of its magnetic tension by heat* Bars of copper and 
other non-magnetic metals, vibrating by the bifilar suspen- 
sion, exhibited similar results, in air and in vacuo, as a 
magnetic bar, each being vibrated in the sun's rays, and in 
the shade. It is hence extremely doubtful whether mag- 
netism, as a universal agency, exteîids to light, considered 
as a form of matter, more especially when we find that tho 
most intense artificial light has no inflaence whatever on 
the vibrations of the horizontal needle.* 

71. The progress of these very exciting inquiries into the 
operation of magnetism as a universal principie affecting 
every specios of matter, has received fresh impulse from the 
genius of Faraday, who found that lines of magnetic force, 
in passing through certain transparent bodies, so affected 
their molecules as to impress on them a peculiar magnetic 
condition quite new to us, and by which a divided ray of 
light also passing through the body at the same time 
parallel to the magnetic lines, becomes bent, as it were, in 

* Harris, Edin. Phil. Trans. voi. xiii. Part I. 
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its course, tlie cbaracter of the force impressed on the ray 
being that of rotation. 

72. By lines of magnetic force, we are to nBderstand such 
forces as are exerted between two opposed magnetic poles 
(28), figs. 16, 17, 18 : they may be either straighfc or curved. 

Any snbstance through which such forces pass without 
rendering the snbstance magnetic, after the manner of iron, 
is termed a dia-magnetic snbstance ; and the peculiar con- 
dition impressed upon its molecules by the ti*ansmission of 
the magnetic forces, dia-magnetism. 

Exp, 51. If a divided and reflected ray of light, r <, 
fig. 60, be passed through a cube of heavy glass, a c, about 
2 inches square and ^ an inch tbick, in the direction t r oî 
its length, this cube being placcd between the poles p n 

Fig. 60. 







p ^ 





of a very powerful eleCtro-magnet, and in such way that the 
ray r t and the lines of magnetic force betwen p N (28) 
may be nearly parallel to each other ; and if previously 
to sending the current through the coils of the electro- 
magnet (58) we view the ray through an eye-piece, <, con- 
taining a crystalline snbstance, by means of which we can, 
in turning round the eye-piece on its axis, cause the image 
of the flame of the lamp from whence the light first pro- 
ceeds to disappear ; then, immediately, we send the current 
through the coils of the electro-magnet, the image of the 
flame will again reappear, evidently showing that the ray 
had become bent or tumed aside from its first course.* 

♦ A ray of light, in passing through certain crystalline mineral sub- 
stances, becomes split, as it were, into two portions, by some peculiar 
jyropevty of such bodies, thus giving origin to two distinct images. If 
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When the image of the lamp flame Las thus been ren- 
dered visible, the revolntion of the eye-piece to the right or 
left, more or less, will cause its extinction. If the pole nearest 
the observer be a north pole, the ray rotates to the right 
hand ; if the poles be changed by reversing the current, the 
raj rotates to the left hand ; so that a magnetic line of force 
going from a north pole or coming from a south pole along 
the conrse of a polarized ray of light directed towards the 
observer, the dia- magnetic body through which the light 
passes will rotate the ray to the right hand : if, on the con- 
trary, the lines of magnetic force come in the reverse direc- 
tions, then the ray is rotated to the left hand. 

By way of illustration, let a common watch be taken to 
represent a dia-magnetic snbstance, and snppose the north 
pole of a magnet applied to its face, and the south pole to 
its back, and a polarized ray of light to pass at the same 
time through the watch, from the back to the face, towards 
the observer ; then the conrse of the hands of the watch is 

these rays be now caused to pass through a second similar crystalline 
body, placed in a particular positioD, they are subjeeted to a still further 
division, and e^ch ray nndergoes a certain physical change : this physical 
change has been termed polarization. If we take then a fine plate of 
the tourmaline, for example, cut from the mineral in a plane parallel to 
the axis of the prism, we may perceive a candle through it as through a 
plate of coloured glass. If under these circumstances we interpose a 
second similar thin plate of tourmaline between the eye and the first 
plate, and turn this second plate slowly round upon a horizontal axis, 
the candlo will disappear and reappear at every quarter of a revolution, 
accordlng as the line of section of the two plates coincide or cross each 
other. If the original ray of light be reflected from a plane mirror at a 
given angle, and we examine this reflected ray by a single plate of tour- 
maline in a similai" way to the preceding, the same thing occurs as with 
the two plates — the image of the candle or lamp from which the rays 
proceed will appear and disappear at every quarter of a revolution. In 
the experiment above described, a prismatic eye-piece, termed a Nichols* 
prism, was employed, consisting of a cryKtalline substance capable of 
tuming aside one of the rays and employing the other free from colour, 
and by tuming round which, upon a horizontal axis, the image of the 
flame from the reflected rav could be mado to disappear. 
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tlie direction, in tbia oase, in which the ray is caused to 
rotate by the influence of the linea of magnetic force.' A 
great variety of other transparent bodies, Buch as flintglaas, 
acids, alkalies, fixed oila, water, alcohol, ether, exhibit thia 
curioua phenomenon ; but rock erystal, Iceland epar, and 
Bubstancea posseasing the power of donble refraction, bave 
no sacb effect. 

The apparatus ahown in fig. 61 was oonstructedbjBotf ger, 



Fig. 61. 




for the illnstration of these nove! phenomena: — 

a iaastand supporting a pair of achromaticNicors prisma, 
g and/placed horizontally ; between theao thereis placed a 
brass tube some two or three linea in diameter and from 
6 to 8 inchea long, closed atboth enda by plătea of giass, b h ; 
the tube, filled with any double refracting liqoid, such as 
iartaric acid, oii of lurpentinc, soluUon of eugar, Ac, is placed 
iu the axis of a hollow hetix, c, which ia hned throughoat its 
entire length with a thîn cylinder of sheet iron ; the pro- 
jecting termiuals of the helix ore brougbt by means of the 
• FamJftj, ' PhiloBoptiical Transattions for 181(1,' Part I. 
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commatator, d^ into connection with the poles of a Grove's 
battery of 6 or 7 pairs. 

On allowmg the light from an argand lamp, i, to pass 
ihrongh the hindermost prisni) and thus causing a ray of 
polarized light to traverse the solntîon in h 6, it will be 
observed that a certain position may be given to the firont 
movable prism, ^, in which the field is dark, if now by 
completing the circuit, the galvanic cnrrent be caused to 
traverse the pile in such a manner that it enters the right- 
handed helix, where the polarized ray enters the refracting 
liqnid, the longitudinal magnetic axis, coinciding with the 
axis of the ray, or, in other words, the magnetic N pole 
being at h and the s pole at ^, there will instantly be in- 
dicated a rotation of the plane of polarization to the left 
the field no longer remaining dark) but becoming of a red* 
dish hue, the phenomenon remaining constant as long as the 
circuit is closed. On inverting the cnrrent by means of 
the commutator, so that the N pole is brought to A and the 
s pole to 6, the plane of polarization becomes inverted to 
the right, the field at the same time becoming of a blueish- 
green tint. Taking the natural rotating force of a specimen 
of oii of turpentine as a standard of comparison, Faraday 
obtained the following results, a powerful electro-magnet 
being employed, with a constant difference of 2^ inches 
between the poles : — 



Oii of turpentine 


. 11-8 


Water 


10 


Heayy glass 


. 60 


Alcohol 


. less than water. 


Flint glass 


. 2-8 


Ethep 


. less than alcohol. 


Rock salt . 


. 2-2 







The rotatory power superinduced by magnetic action is 
quite independent of that which the substance possesses of 
itself. In oii of turpentine, for instance, whichever way a 
Tay of polarized light passes thix>ugh this fluid, it is rotated 
in the same manner, and rays passing in every possible 
direction through it simultaneoushj are all rotated with 
eqaal force and according to one common law of rotaitÂssi^.^ 

E 3 
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i. e., all righfc-lianded, or else all to the left. This is not 
the case with the rotation superindnced on the same oii of 
turpentine by the magnetic or the electric force ; it exists 
only in one direction — that is, in a plane perpendicular to 
the magnetic line, and being limited to this plane, it can be 
changed in direction by a reversal of the direction of the 
inducing force. The direction of the rotation produced by 
the indu<:ed condition is connected invariably with the 
direction of the magnetic Ime or the electric current, and the 
condition is possessed by the particles of matter, but strictly 
limited b}' the line or currents changing or disappearing 
with it.] 

73. If the magnetic forces had magnetized the several 

transparent bodies employed in these experiments, then the 

molecular condition of a transparent magnet might probably 

have been examined by means of light ; but since they did 

not, Faraday infers that their molecular condition is a new 

magnetic condition^ and the force imparted to such bodies a 

new species of magnetic force, or m^de of action of common 

matter ; and since the degree of transparency only makes a 

distinction between individuals of a class, it is to be inferred 

ihat similar forces anse in opaque dia-magnetic bodies 

whenever lines of magnetic force pass through them (72). 

T,. ^rt We cannot, in fact, doubt 

Fig. 62. , 

. ff that in the case of a trans- 

parent substance the lines 
of magnetic force act upon 
and affect the internai con- 
^ stitution of the body just 

m as- much in the dark as in 

the light, though it is solely 
by means of the ray of light that we are at present enabled 
to detect this particular condition of the molecules of matter. 

74. When these substances which we have termed dia- 
magnetic (72), and which comprise a very extensive class 
of bodies, are delicately suspended between the poles of a 
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powerful electro-magnet, tbey invariably stand transverse 
to the magnetic lines of force. Let, for example, P N, fig. 
62, be the terminating poles of an extremely powei*fal elec- 
tro-magnet, as in fig. 60. We may term the intermediate 
space c, between these poles, the magnetic field — ^the line of 
the poles p n, the axial line — and the line m n, perpendicular 
to this and passing throngh the centre of the field, the 
eqnatorial line.* 

Sxp. »52. Let a bar of heavy glass or any of the sub- 
stances not magnetic, afber the manner of iron, be snspended 
by a silk fibre, so as to hang in the centre c of the magnetic 
field or space between the poles p n, fig. 62 ; pass a strong 
current through the coil; the bar, if previously settled 
axially in the line P N, will now vary from this position and 
settle in the eqnatorial line, n cm. 

Ifthesnbstance be near one of the poles, that is, out of 
the centre c, then on pointing equatorially it is apparently 
repelled, and this repulsive efiect is common to both poles, 
so that we have in this case magnetic repulsion without 
polarity (7). 

[Faraday submitted a large number of substances, solid 
and liquid, to the action of the magnet, the liquids being 
enclosed in small glass tubes hermetically sealed. The 
results are given in the folio wing table : — 

Painted axiali^ (Magnetic). 
Paper. China ink. Silkworm gut. 

Sealing wax. Berlin porcelain. Asbestos. 

Fluor spar. Red lead. Vermilion. 

PeroxiJe of lead. Sulphate of zinc. Tourmaline. 
Plumbago. Shell lac. Charcoal. 

Pointed equatorially (Dia-magr.etlc.) 
Rock crystal. Nitric acid. 

Sulphate of lime. Sulphuric acid. 

* Faraday, * Experimental Eesearche^,' ninetoonth serîes. 
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Sulphate of baiyta. 
Sulphate of magnesia. 
Alum. 

Muriate of ammonia. 
Chloride of lead. 
Chloride of sodium. 
Nitrate of potassa. 
Carbonate of soda. 
Iceland spar. 
Oxalate of lead. 
Tartrate of potassa and 

antimonj*. 
Tartaric acid. 
Citric acid. 
Water. 
Alcohol. 
Ether. 
Sugar. 
Star eh. 
Gnm arabic. 
Wood. 
Ivory. 

Dried mutton. 
Fresli beef. 



Mnriatic acid. 

Solutions of alkaline and 

earthy salts. 
Glass. 
Litharge. 
Wbite arsenic, 
lodine. 
Phosphorus. 
Sulphur. 
Besin. 
Spermaceti. 
Caffeine. 
Cinchona. 
Margaric acid. 
Wax from shell lac. 
Olive oii. 
Oii of turpentine. 
Jet. 

Caoutchouc. 
Dried beef. 
Fresh blood. 
Leather. 
Apple. 
Bread. 



Phosphorus appears to stand at the head of all dia- mag- 
netic substances ; its pointing may be verified between the 
poles of a common magnet. 

If a man could be suspended between the poles, he would 
point equatorially, for all the substances of which he is 
made possess this property. 

Yarious gases, simple and compound, were also examined 
by Faraday, and the following, in relation to atmospheric 
air, were proved to be dia-magnetic, viz. : — 

Nitrogen, hydrogen (strongly so), carbonic acid, ca bmiic 
oxide, nitrous oxide, nitrîc oxide, olejiant gas, coal gas, suU 
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phuroits acid gas, muriatic acid gas, hydriodic acid. gas, fluo^ 
sdicon, ammonia^ chlorine, iodine, bromine, aud cyanogen, 

The most striking circumstances in these experiments 
were the strongly-marked dia-magnetic characterof hydrogen, 
and the feeble dia-magnetic condition oî oxygen, standing, 
as it does, in this respect far apart from all other gaseous 
substances. 

■■ Oxygen, indeed, is a magnetic snbstance, its magnetic force 
being in proportion to its density. It is, in the air, what 
iron is in the earth, and is in striking contrast with the 
nitrogen which dilates it in the atmosphere, which is neither 
magnetic nor dia-magnetic, but, magnetically considered, 
zero.'\ 

75. Metallic bodies, as a class, are found to exhibifc highly 
interesting and distinctive characteristics in regard to this 
new species of force ; and the powerful operation of the 

■ 

electro-magnet determines at once whether they are to be' 
considered as magnetic substances or not. If magnetic, 
they would point axially ; if dia-magnetic, equatorially (74) ; 
if near one of the poles, they would as magnetic bodies be 
attracted ; if dia-magnetic they would be repelled. On 
submitting metallic substances to this test, iron, nickel, 
cobalt were at once found to be magnetic bodies — they all 
pointed axially : to these may be perhaps added, platinum, 
palladium, and titanium : all the other metals, antimony, 
bismuth, copper, gold, &c., were found to stand transverse to 
the lines of magnetic force, and to be repelled by both poles. 
*?Q. The dia-magnetic force manifested by different metals 
varies considerably in degree. Bismuth, which has the least 
magneto-electric energy of all the metals (fi7), Table III., 
has the greatest dia-magnetic power. Antimony, another 
metal low in the scale of magneto-electric energy,' also ex- 
hibits considerable dia-magnetic force. It is further remark- 
able that copper and silver, the highest in the scale of 
magneto-electric energy (Jo7), have the lowest dia-magnetic 
force. 
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[Copper, in consequence probably of its exccllent con- 
dncting power for electric currents, exhibits some remark- 
able phenomena. When a masa of copper is suspended 
between tbe poles of a powerfnl electro-magnet, it first 
advances towards the axial line, as if it were magnetic ; it 
then suddenly stops, and takes up a new position, &om 
ivhich it can only be removed by the application of some 
force. Even when swinging with considerable momentnm, 
it can be caught np and retained at will. 

In order to form a good idea of the arresting power of 
these indnced cnrrents, let a Inmp of solid copper, approach- 
ing to the globular or cubical form, weighing from ^ to ^ a 
pound, be suspended by a long thread ; let a rapid rotation 
be given to it, and then let it be introduced into the mag- 
^. ^„ netic field of a powerful electro- 

magnet, -^as shown in fig. 63. 
Its motion will be instantly 
stopped, and on trying further to 
spin it whilst in the field, it will 
be found impossible. Or let a 
disc of copper be set in rapid ro- 
tation, and then suddenly intro- 
duced into the magnetic field ; its rotation will be instantly 
suspended.] 

The repulsion of bismuth and antimony by the poles of 
the magnet appears to have been noticed twenty years since 
by Baillif, of Paris, although under circumstances widely 
difierent from those of Faraday. 

11, On submitting magnetic and dia-magnetio metals to 
the influence of heat, a decisive difîerence is still manifest 
between them. The decidedly magnetic metals, iron and 
nickel, still point axially and are attracted by the magnet, 
even when they are heated to such an extent as to anni- 
hilate their influence on common artificial magnets : hence 
these metals are not thus far reducible to a pure dia-mag- 
netic condition. Such facts therefore are subversive of 
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the opinion (69) that every metallîc substance would 
probably assnme a magnetic coudition similar to iron if 
sabjected to very low temperatures. 

78. These very important inquiries being perfectly 
original and new, are clearly separable from the early ex- 
periments of Conlomb (56), and the snbsequent investi- 
gations of M. Becquerel (57). The discrepancy which 
appears to have arisen in the case of Coalomb*s experi- 
ments, in which needles of varions substances were fonnd 
to settle in the line of magnetic force and point axially, 
ia by no means inexplicable. First, the very great power 
of the electro-magnet employed by Faraday at once places 
the experiment in a condition more favonrable to a correct 
result. This magnet could sustain a hundredweight at 
each pole. The form and size of the magnetic poles in 
Coulomb's experiments, as compared with the size of the 
needles — the possibihty that the substances tried contained 
very small portions of iron, and the interference of many 
circumstances, of which Conlomb was not aware, but 
which have since led to singular precautions in this kind 
of research — all tend to show not only the possible but 
probable cause of the difference which appears to have 
arisen in the two experimental investigations. Even with 
the intense magnet used by Faraday, very great caution 
was found requisite in ther manipulation, in order to arrive 
at an unmixed result. The repulsion of both bismuth and 
aiitimony by the magnetic poles has been observed and re- 
corded by Brugmans in 1778, by M. Baillif in 1827, and 
by other philosophers ; yet we may infer from Coulomb*s 
results that needles of these substances, in common with 
all other matter, pointed axially. It was not, however, 
always that substances took an axial direction in these 
experiments, as admitted by M. Becquerel ; in severaJ in- 
stances they stood transverse to the lines of magnetic 
force» In M. Becquerel's snbsequent inquiries this was 
especially observable with certain oxides of iron, and also 
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with needles of wood and gam lac, when placed in a cer- 
tam relative position to the magnetic pole (57). M. 
Becquerel hence concludes that the only difference in the 
magnetic condition of bodies, when pointing eqnatorially, 
is that they become magnetized transversely or across their 
length. Faraday's researches, however, veiy completely 
set this question at rest. The position of the bodies in 
M. Becqaerers experimente with the oxides of iron is 
an unstable, and in many cases an uncertain position, whilst 
the centre of gravity of the suspended system is always 
attracted by the magnetic poles ; whereas in the case of 
pnre dia-magnetic action, the equatorial position assnmfd 
by these snbstances is a position of stable equilibrium, 
and from which, if the bodies be deflected or turned 
aside, they will invariably retum to again, and with a 
sensible degree of force, instead of being attracted by the 
magnetic poles, they are always repelled. These beautiful 
and most important researches must therefore be con- 
sidered as entirely distinct and independent of all former 
experiments, and as very clearly estabhshing the existence 
of a new magnetic condition of matter hitherto unknown 
to ns. 

[That the dia-magnetic force is a folar force, but that the 
polarity is the reverse of magnetic polari ty, has been 
proved by Tyndall, who, in the Bakerian Lecture for 1855, 
investigates the subject at great length, and adduces 
powerful experimental evidence in proof of the duality of 
dia-magnetic excitement and of dia-magnetic polarity. 
Faraday had come to the conclusion that no proof of dia- 
magnetic polarity could be obtained from his own experi- 
ments or from those of Weber and B/cisch, and Von Heiltsch 
endeavoured to prove that dia-magnetic bodies possess a 
polarity the same as that of iron. 

For examining the question of the 'polarity' of dia- 
magnetic bodies, Tyndall (Phil. Trans., 1856) caused the 
dia-magnetio bar, suitably excited, to act upon an astatic 
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sysf em of steel magnets, and from the deflection of tlie 
system the polaritj of the bar wias inferred. 

The appai'atus employed consists essentially of two 
spirals of covered copper wirfe, about 18 inched long, 
firmly attached to a massive mahoganjr slab ih a vertical 
position. Above the spirals is a wooden wheel, with a 
grooved periphery, and below them a similar one. The 
wheels are united by an endleâs strilig, Which communi- 
cates motion from one of them to the other, To this string 
the cyUnders sabmitted to examination are attached, and 
by tnrning the lower wheel with a suitable key, the 
cylinders can be cansed to move up and doWn within the 
spirals. Two steel bar magnets are arranged astatically, 
connected by a rigid brass junction, and so suspended that 
the magnets are in a horizontal plane» The tWo magnets 
have the two spirals between them, their poles being oppo- 
site the centres of the spirals. When, theilBfore, a current 
is sent throtigh the spirals, it exerts no more actîon on the 
magnets than the central or neutral point of a magnet 
would do. If the bars within the spiral be perfectly central, 
they also will present these nentral points to the suspended 
magnet, and hence exert no action upon them. But if the 
key be so turned that the two ends of the dia-magnetic 
bars shall act upon the magnets, then if these bars be polar 
the intensity and character of their polari ty will be indi- 
cated by the deflection of the magnets. Hence we have 
not only the action of the earth neutralized, but a tuming 
force is brought to bear upon the suspended system four 
times that which would come into play if only a single 
spiral and a single pole were made use of. The instrument is 
enclosed on all sides from externai air currents : the magnets 
have a mirror attached to them, which moves as they move, 
and which is observed by means of a telescope and scale 
placed at a distance of about sixteen feet from the instrument. 
The apparatus and the working of its various parts will be 
understood by a reference to fig. 64. B o, b' o' is the outline 
of the rectangular case, the front of w\i\c\i \a TetaaN^^ ^«si 
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aa to show the apparatus 
Fig. 64. 



Tithin, D d' are the screw-holos 
by which the box ia secui-ed 
firmly to the walI H E ; h' e' are 
the nopper wire heUcea woand 
round two braas reels, the upper 
ends of which protrade from h 
to o and from h' to c' ; W w' are 
the grooved wheeb to the striiig 
of which are attached the cy- 
linders m u o p of the body to be 
examiaed ; a a' ia a cross-bar of 
brass, throngh the centre of which 
the Hcrew E passea, from which 
the aatatac arraiigement of the 
magneta s H ia anapended by ailk 
fibres : the blaok circle iu front ot 
the magnet s N ia a mirror, and 
the rectEuigle d a, d' a' ia the 
outline of a copper damper.ţrhich, 
owing to the cnrrent indnced in 
it by the motion of the magneta, 
aoon bring the latter to reat, and 
thna expeditea the experiment. 

When cylioderB of bumuih, 

eopper, antiviony, heavy gla»s,tnar- 

ble, and many other anbatancea, 

were anbmitted to experiment 

with thia apparatua, very mai-ked 

deflecfiona were produoed. We 

quote one particniar experiment 

perforraed by Profesaor Tyndall, 

in the preaence of Profeaaora Faraday, De la Bive, and Marcet. 

The bismuth cylindera were 3 inches long and 0'7 of an 

inch in diameter, and were ehemically pure. A cnrrent 

fcom a aingle cell of Qrove'a battery being caneed to circn- 

lato in the helicea, the cylindera remaining in their centrea 

AS in the Sgure, the crosB wire of the telcscope cnt the 
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nnmber 650 on the scale. Tuming the wheel w', so as to 
raise the cylinder m n, and depress the cylinder o p, the 
magnet promptly moved, and after some oscillations took 
np a new position of equilibrinm, the cross wire of the 
telescope then cutting 670 in the scale. 

Reversing the motion so as to place the cylinders again 
central, the former position, 650, was assnmed : on tuming 
fnrthor in the same direction so as to depress m n and raise 
o Pf the position of equilibrinm of the magnet was 630, 
Hence, by bringing the two ends n and o to bear npon the 
astatic magnet, the motion was from smaller to greater 
numbers, the position of rest being then twenty divisions 
great&i* than when the bars were central. By bringing the 
ends m and p to bear upon the magnet, the motion was 
from greater to smaller numbers, the position of rest being 
twenty divisions less than when the bars were central. 

When the current was caused to flow through the helices 
in the contrary direction, an opposite result was obtained. 
The foUowing was the experiment : The bismuth cylinders 
being in the centres of the helices, the cross wire of the 
telescope cut the number 482 on the scale. Tuming the 
wheel so as to raise m n, and depress o p, the cross wire cut 
468 ; reversing the motion so as to place the cylinder again 
central, the former position of 482 was assumed, and on . 
tuming further in the same direction so as to depress m n^ 
and raise o p, the number became 493. In this case, there- 
fore, the first motion was from greater to smaller numbers, 
and the last from smaller to greater. 

Dia-magnetic liquids have been included by Tyndall in 
this examination, and their polarity established.] 

79. Upon a review of the whole course of inquiry from 
the time of Coulomb's experiments in 1800 to the present 
day, we are driven to the conclusion that all matter is not 
suacoptible of ordinary magnetism after the manner of iron ; 
that the class of what may be termed magnetic bodies is in 
this sense very limited, being confined principally to iron^ 
nickel, and cobalt, to which we may add, peT^iai^»^ «XîOmsvsl^ 
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witli a leâs degree of certaintj, palladium, platinum, and 
titanium. On the otlier hand, by the discovery of dia- 
magnetic actioiij the question of nnivârsal magnetism 
becomes placed in a new aUd very different light. In this 
case we arrive at the (Bxisteilce of magnetic forces the very 
opposite of those existing in common magnetic bodies ; the 
fir st lead to attraction, the latter to repiilsion, yet we may 
fairly conclude that all matter is snsCeptible of magnetic in- 
fluence tLnder onfe Or the other of these forms, that is, either 
magnetiCally aftei* the manner of iron^ or dia-magnetically 
after the taianner of bismuth. Ih this senâe magnetism may 
be considered as a universal agency. Instead, therefore, of 
associating bodies iinder the two classes of magnetic and 
non-magîletic bodies (54), we fthould dîstinguish them as 
magnetic ot dia-magnetic bodies, and betweiâh which there 
is evidently a definite and striking contrast. 

The folloWing order of metallic substances în the scale of 
universal magnetic foi*ce has been derived from Faraday*s 
papers ; and although open to future con^ection, it is still 
extremely useful in the Way of reference : 

Magnetic, tHa-magnetic* 

Iron. Cerium. Bîsmuth. Mercury. Arsenic. 

Nickel. Titanium. Antimony. Lead* Uranium. 

Cobalt. Palladium. Zinc. Silver. Rhodium. 

Manganese. Platinum^ Tin. Copper. Iridium. 

Chromium. Osmium» Cadmium» Gold» Tungsten. 

Sodium. 

o 

The scale here, as în the classification of electrics and 
conductors,* runs throilgh neutrality from two extremes : 
the zero point is to be taken as the condition of indiflference 
to either magnetic force, vîz» attraction or repulsion ; the 
further any metal stands from this point, the more perfect 
it is of its class. 

* ' Eudimentary Electricity,' ^. 8. • 
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CHAPTER V. 

MAGNETIC INSTEUÎ1ENT8, THEIR CONSTRUOTION AND USE. 

Artificial Magnets — Convereion of Iron into Steel — Temperament — 
Various Processes of Magnetizing — Compound Magnets — Magnetic 
Machines — MagnetoBcopes and Magnetometers — The Compars — 
Varions Instnunents for Determining £^nd Mcasuring the Hourly 
Changes and BtcUnatiop of the Vertical and Horizontal NeedU*s. 

80. The extensive application and importance of mag- 
netism to practicai purposes has necessarily led to the con- 
struction of a great variety of magnetical instruments. 
These may be separated into the following classes : 

1. Instruments for the accumulation and developmcnt of 
magnetic power. 

2. Instruments for dctecting the presence, indicating the 
polarity, and measuring the amount of magnetic force. 

3. Instruments for determining the direction and mea- 
suring the declination of the horizontal and vertical needles 
(24), under a variety of circumstances and conditions, and 
at any instant. 

81. Instruments for the accumulation and development 
of magnetic power consist principally of artificial magnets 
(19), simple and compound; combinations of compound 
magnets, termed magnetic machines; and the electro- 
magnetic spiral (53). 

We have seen (Experiment 17,) (32), that when a niass 
of iron is applied to the pole of a magnet, it becomes power- 
fully magnetic ; the susceptibility, however, of this excita- 
tion is less in hard and brittle pieces of iron or steel than 
in pieces which have been softened bj heat. Hard steel, 
however, possesses, on the contrary, as before observed (16), 
a great er retentive power. The magnetism developed in a 
piece of soft iron, T, fig. 24, vanishes, or nearly so, directly 
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we remove tlie îron from contact with the magnet ; whereas 
in substituting a piece of very hard steel, although requir- 
ing a bigher degree of power for the development of its 
magnetic energy, wo find the magnetism induced in the 
stoel permanent. The magnetic siisceptibility and the re- 
tentive power are consequently in some inverse proportion 
to each other. As a first or leading principie, therefore, 
in the production of magnetic machines, we must seek to 
obtain the greatest amount of snsceptibility consistent with 
a high retentive power in the steel. 

82. We have already described (19) the principal kinds 
and forms of artificial magnets. These we have found to 
consist of straight or curved bars of hard steel in which 
magnetism bas been excited by the aid of the natural or 
other magnets. Now, the degree of force which can be 
thus produced in bars of steel will be further dependent on 
the proportion of the surface of the bar as compared with 
its bulk, all other things being equal. A. thin steel plate, 
for example, may have a much higher degree of projpoT' 
tîonate magnetic power excited in it than the same quantity 
of the like steel disposed under a more concentrated 
form, a result probably dependent on the fact that the 
magnetic excitaţi on does not reacli fer beneath the surface 
(27). Dr. Ingenhous (Phil. Trans. 1779) constructed a 
small magnet of several laminee of magnetized steel firmly 
pressed together, which he fonnd would sustain 150 times 
it own weight — a force quite unknown in a single bar of 
the same dimensions. 

83. The best relative dimensions, however, for magnetic 
bars for general purposes, will in sorae degree vary with the 
length of the bar, and the particular experimental object in 
view. Cavello recomraends, for bars of about five inches in 
length, that the breadth be one-tenth part of the length, and 
the thickness one-half the breadth. Canton gave to such 
bars a breadth of about the one-eleventh part of the length, 
and a thickness rather less than one-third the breadth. 
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Conlomb, in his compound magnet s constrncted of bars 21 
inches long, made their breadth about the one-thiriy-fifth 
part of their length, and the thickness one-third the breadth. 
In the more early experimenta by Dr. Gowan Knight, the 
breadth of his magnetic bars was from one-twelfth to one- 
fifteenth their length, and the thickness one-half the width. 
For bars of about 2 feet to 30 inches long, the breadth may 
be about the one-twentieth of the length, and the thickness 
something more than one-third the breadth. Bars intended 
for magnets of the horse-shoe form (19), ^g. 8, may have a 
greater length in proportion to their width than ordinary 
straight bars. 

84. Another gifeat point which we have to consider in 
the construction of artificial magnets and magnetic machines, 
is the kind and quality of the steel, together with the degree 
of hardness or temperament to which it has been subjected. 

When pure malleable bar iron has been slowly and for a 
long time heated in a closed furnace, in contact with pul- 
verized charcoal, and subsequently allowed to cool gradually 
for a space of several days, the texture of the metal becomes 
changed ; it loses much of its ductility and malleability, but 
gains in hardness and elasticity ; it has united with a certain 
portion of carbon, and has been converted into what we caii 
steel. 

85. Steel, when suddenly cooled from a high point of 
temperature, becomes extremely hard and brittle : hammer- 
ing will also harden steel very considerably ; but the most 
eifective method of hardening steel bars intended for arti- 
ficial magnets, is to raise the temperature of the bar to a 
bright red or eyen white heat, and thon plunge it into cold- 
water brine, or some other cold liquid, such as oii. Steel 
thus treated resists the action of a file, and may be made to 
serat eh glass like the diamond. 

86. After being thus hardened, steel may be again softened 
to any required degree, by the process called tempering, 
which consists in again exposing it to heat ou «* "^\aXfâ ^1 
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rcd-hot iron. As the heat begîns to permeate the metal, 
the snrface will be observed to pass througb successive 
changes of colour. First, it will appear to assume a red or 
purple tînt ; then a yellow or straw colour ; this gradually 
deepens and changes to a light blue ; we have then a deep 
bine ; finally, the steel becomes red-hot. 

We are enabled by these various tints to estimate the 
degree of hardnesg retained by the steel at any moment, 
and raay hence, by its removal from the iron at that moment, 
obtain the precise degree of hardness -we require. When we 
pcrceive the straw colour, the steel will have become a little 
softened ; it is then in a fit state for certain tools, such as 
drills ; this point has been termed ' drilJ temper.* When 
the colour has changed to a blue> it is then in a fit state for 
springs of various kinds ; this point has been termed * spring 
temper : ' we may therefore, by a little practice, temper steel 
to any required point. 

87. The process of cofiverting iron into steel, and its 
subsequent treatment, has given ongin to several different 
qualities and kinds of steel, all of which have received some 
distinguishing term. 

During the first process of cementation, with charcoal, 
the sui'face of the iron frequently becomes blistered by 
the hcat. Bars in this state conslitute what is called 
* blistered steel :' these bars of blistered steel, when exposed 
again to heat, doubled, welded together, and again drawn 
out, produce what is termed * shear steel,' of which kind we 
have the single and double shear steel, according to the 
extent of the process of conversion, 

When blistered or unrefined steel is fused in a crucible 
with a little charcoal or black oxide of manganese, in a 
wind fumace, it may readily be cast into ingots or bars ; 
this is denominated * cast steel.' Thus treated, the steel 
acquires a more uniform texture and a closer grain, and is 
harder or softer according to the quantity of the flux em- 
ployed: when subjected to the action of the hammer, tlie 
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texture becomes still more compact, constituting hammered 
cast steel, one of the most valuable forms of steel as yet 
obtained. 

88. Of these different kinds of steel, the hammered ingot 
steel, made from very good S wedish iron, smelted with wood 
charcoal of the first quality, may b3 considered as being well 
adapted to the purposes of artificial magnets. We are still, 
however, open to accidental varieties of quality almost 
impossible to avoid. If the steel, when fractured, exhibits 
a uniform and small silvery granulated appearance, it will 
be found, on being properly tempered, susceptible of a high 
degree of magnetic development. It is always, however, 
difficnlt to fumish a universal reply to the question — what 
is the best kind of steel for magnets, and what degree of 
temper or hardness should be given to it ? The Rev. Dr. 
Scoresby, to whose unwearied labours in this department 
of science we are indebted for a most complete and exten- 
sive series of experiments and investigations relative to this 
question, gives the following general deductions.* 

For straight bar magnets of a massive kind, the best cast 
steel, made quite hard, should be employed. 

For compound magnets, constructed of thin plates of 
what is called * steel busk,' the best cast steel hardened to 
the greatest possible degree by means of oii. 

For single horse-shoe magnets, also the best cast steel, 
tempered from file hardness at about 550°, or shear steel a 
little reduced. 

For compound horse-shoe magnets, cast steel tempered 
at from 480° to 500° Fah., or shear steel rendered perfectly 
hard. 

The limits of the degree of hardness the most effective 
for all practicai purposes are comprised between the brittle 
hardness of files and that of elastic spring temper. 

89. Coulomb employed a kind of steel termed d'acîer 
timbre â sept etoiles, the bars being tempered at a cheny-red 

♦ ' Magnetical Investigations,* Part II. p, ÎAl. 

F 
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heat. M. Biot, as just remarked, recommends tlie bars to 
be first made as hard and brittle as possible, in which case 
they will be frequently warped and distorted ; then to let 
them down to a teraper indicated by the first sbade of 
yellow, at which point they may be set straight with a 
hammer.* 

METHODS OF COMMUNICATING MAGNETISM TO STEEL BAKS. 

90. The first means of imparting magnetism to steel 
was, as we have ab*eady described (16), by contact with 
the armed lodestone or other magnet. A more efl&cacious 
method, however, of magnetizing small needles or bars by 
simple contact, consists in placing the bar or needle between 
the opposite poles of powerful magnets, as for example in 
the magnetic field s N, fig. 17, page 25, immediately between 
the poles s N. 

91. We are indebted to Dr. Gowan Knight, F.R.S., a 
London physician, for the first important step in the com- 
munication of magnetism to bars of steel. His method, as 
given in the * Philosophical Transacfcions ' for the years 1746 
and 1747, voi. xliv., is as foUows : two powerful magnetic 
bars M m', fig. 65, are placed in the same straight line, with 
their opposite poles N s very near each other ; the needle or 
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bar » « to be magnetised is laid flat on the surface of the 
bars immediately over the opening N s, between them. If 
the bar w. « be a magnetic needle having a cap for suspension, 

* In giving steel bars the precise degree of hardness required, it is 
desirable to let them down from extreme hardness, as recommended by 
Biot : great uncertainty often arises in the tempering of bars, in the 
common method of plunging them into cold water at low degrees of 
heat ; thin plat^s may be rendered qnite brittle, whilst thick bars are 
often but slightly acted on. 
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then the cap îs allowed to rest betWBen the bars : if the 
Burface be unimpeded by this, the bars M m' maj be brought 
verjr near each other. Tbings being tbus disposed, the bars 
M m' are gradually withdrawn in opposite directions, and 
immediately under the bar 8 n ; the resnlt of which opera- 
tion is, on the principles ah*eady explained (17), that each 
half of the bar s n being acted on by opposite polarities, the 
two magnetic forces resident in it become separated ; the 
pole N of the bar m attracts all the sonth polarity and repels 
the north, whilst the pole s of the bar m' attracts all the north 
polarity and repels the south : hence a final and permanent 
magnetic state is imparted to the bar 8 n, the position of the 
poles 8 n being the reverse of the poles N s of the bars (17). 

Small needles will become magnetized to saturation by 
one operation of this kind performed on each of its surfaces ; 
for larger bars, two or three or more repetitions are de- 
sirable. This method is very effectual, especially for single 
bars, and there is not, perhaps, any better for certain pur- 
poses, even at the present day. 

92. After this method of Dr. Knight's had become known 
and practised, M. Du Hamei, member of the Eoyal Academy 
of Sciences at Paris, was led, about the year 1749, to a 
further and still more extensive application of it. Two bars, 
N s and T P, fig. QQ, required to be magnetized, are laid on 

Fig. 66. 




a table parallel to each other, and their intended opposite 
poles united by pieces of soft iron, N T, s P, so as to form 
a closed rectangular parallelogram, aa aeexi m >iîtka ^^ox^* 

F 2 
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The opposite poles n s oî two powerful magnets A B, eîtlier 
simple or compound, are then applied to the centre, c, of 
one of the bars N s, and drawn away from each other in 
opposite directions, C N, c S, being held all the while at an 
inclinatioll of abont 40° : this operation is repeated several 
times ; the magnets a b are now either reversed, or their 
re^atiVB positions cbanged, by turning them roilnd; they 
are tten applied in a similaf way to the other bar p T, so as 
to bring the poles s n opposite to their former position : the 
same operation is now repeated on the bar T p, and this 
process is to be f urther repeated on each surface of the bars 
T p, N S. M. Du Hamei' s method is effective and expedi- 
tious ; the elementary forces resident in the bars being by 
the joînt Operation of the magnets easily separated (14), 
whilst the union of the opposite poles N T and s p, by soft 
iron, further tends to increase the effcct, by holding together, 
as it were, the two separated magnetic elements, and thus 
allowing the excîting magnets a b to operate with more 
eonsiderable effect. 

Bars of the horse-shoe form may be rendered magnetic in 
a similar way, by uniting their near extremities or intended 
poles with soft iron, and then drawing the magnets away 
from each other, commencing at the centre of the curve, 
and terminating at each extremity. 

93. Mr. Michell of Cambridge, and Mr. Canton, in 1750 
or 1751, still further advanced this department of practicai 
magnetism. Michell employed a method which he desig- 
nated as * the double ton eh.' Several bars, a h c ci, ^g. G7, 

Fig. 67. to be magne- 

^ tized,areplaced 

in one straight 

g line, the in- 

tended opposite 
x-polar extremi- 
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contact : thns the north i ole of the bar a is placed in contact 
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with the intended soutli pole of the bar &, and so on : the 
bars being thus disposed, the opposite poles of two powerful 
magnets, A b, either single or compound, are placed about 
the centre of the series, the opposite poles beneath resting 
one on each side the centre jp, whilst the distant opposite 
poles are joined by a piece of soft iron : the system thns 
formed is now moved backwards and forwards over the line 
of bars from one end to the othjer, taking care (17) that the 
south pole of the system A B applies to the intended opposite 
pole N of the series of bars s N, and reciprocally, the north 
pole to the intended opposite pole s : the operation is to be^ 
repeated sevei*al times on each surfaco of the bars, and the 
system finally removed at the centre p of the chain. By 
this operation, the centre bars h c will be found to have 
B/Cquired a high magnetic devei opment, the extreme bars 
a h not so high ; these are to be now shifted from the ex- 
tremities to the centre, and to be replaced by the centre 
bars h c, when the same process is to be repeated. In this 
experiment, the extreme bars a d may be conceived to act 
as the connectiDg pieces of soft iron N T, s P, fig. 66, em- 
ployed by Du Hamei, and the magnetic elements become 
separated in precisely the same manner ; each polarity 8 n 
of the system Â B repels one of the magnetic elements (14) 
and attracts the other, so that by the reciprocating recti- 
linear motion one polarity is determined in one direction, 
and the converse polarity in an opposite direction. On dis- 
locating the chains of bars, we find each bar a complete 
magnet. 

94. Soon after Michell published this method in 1750, 
Canton gave a process in which the methods of Michell and 
Du Hamei were combined. The bars to be magnetized 
were placed in series, as recommended by Michell, but 
arranged in two parallel lengths, with connecting pieces of 
soft iron, as in the rectangle of Du Hamei, fig. 66 ; they 
were then rendered magnetic by the double touch (93). 

95. -ZEpinus adopted Du HarnePs rectangle of sing^lo 
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bars, but clo?ecl the rectangle, fig. 66, witb magnetized steel 
înstead of soft iron, taking care to place the marked and 
tminarked poles next eacb other ; the bars were then rubbed 
bj the mefchod of the double toucb prescribed by Michell : 
insteâd, however, of resting the magnetizing system A b, 
^g, 67, upright on the bars, the magnets were inclined to 
each other at an angle of abont 25°, after the manner of 
Du Hamei, as represented in fig. 66, the bars being drawn 
backwards and forwards together in the same direction. 

96. Coulomb was in the habit of magnetizing straight 
bars by resting the bar n 8, fig. 68, on the polar projections 
S N of two powerfal compound magnets (19) : in this posi- 
tion it was touched by two inclined systems or bundles of 

Fig. 68. 




bars, A B, as in the last method ; a small block of wood or 
metal, c, being placed between the opposed poles, and the 
operation always concluding at the centre O of the bar, 
care being taken to oppose the reverse polarities to each 
other (17). When the magnets or bundles of bars move 
together and in the same direction, we may with advan- 
tage substitute for the system A b, fig. 66, a powerful 
compound magnet of the horse-shoe form, as before ex- 
plained (20). 

9?. A high magnetic development may be obtained in a 
series of straight bars, without the aid of powerful magnets, 
by a successive touching in combination one with the other. 
We are indebted to Mr. Canton for this process, which is 
as follows : 

Having a set of 12 bars, howevcîr slightly magnetic, two 
of the serieB s' n', n s, fig. 69, are laid with reverse pc^es 
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parallel to each otlier, and the rectaugle closed by pieces of 
soft iron s n', n s', about one-half the length of the bars, 
and of the same breadth, as in the method of Da Hamei 
(92) ; the remaining 10 bars are separated into two com- 
bined systems, A B, of 5 bars each, placed on one of the bars, 
n' s', with their remote and opposite poles c in contact, and 




their lower poles n 8 somewhat open. This arrangement 
being made, the bars s' n' and N s are rubbed with these 
systems in the way already described (93), and being thns 
strengthened by the united powers of all the rest, are now 
removed, and placed at ihe back of the others, as at A B, 
whilst the two interior bars of each system, c 5, C w, are with- 
drawn, and subjected to the same operation as the preced- 
ing ; in this way we continue to strengthen each pair of bars 
by the acquired power of those last touched, until the whole 
become magnetized to saturation. This process is very 
usefal when powerful magnets are not at hand ; for however 
weak may be the magnetic state of the bars, even although 
two of them only be slightly magnetic, we may from these 
render the whole series very powerful. 

The combined systems A B may be temporarily bound 
together by a little commou tape, and a smaU block of wood 
placed between them, so as to support the whole in position 
during the process of magnetizing. 

98. All these various methods of magnetizing steel bars 
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by the înflnence of already exîsting magnets may be advan- 
tageously resolved into two simple processes, viz. the ori- 
ginal process of the single touch by Dr. Gowan Knight, 
fig. 65, and the method of the double tonch by Michell, fig. 
67, but somewhat differently applied. 

Seoresby, in his ' Magnetical Investîgations,' especially 
recommends Dr. Knight's method (91) for magnetizing thin 
plates.and bars np to the measure in length and breadth of 
the magnets employed, and carries it out in the way first 
pi-actised, that is, by placing the magnets under the bar to 
be magnetized as in ^g. 65, and not over it as in fig. 66, 
which is nsually done. The following is Dr. Eoiight's pro- 
cess, as practised by Seoresby : 

Two powerfal bar magnets, tempered and magnetic 
thronghont, are placed in a straight line with their opposite 
poles near each other, as already shown, fig. 65 : the plate 
or bar to be magnetized is laid flat on the bars, extending 
equally over the surface of both. The magnets are then 
drawn asunder in opposite directions under the plate, until the 
plate rests with its extremities in contact with the extreme 
poles of the two bars ; it is then slid ofl* sideways, removed 
to some distance, but still kept parallel to the bars, which 
are to be restored to their former position, and the plate 
replaced for a new operation. This process is repeated on 
each surface of the plate, after which it will be found mag- 
netized to saturation. A dozen plates or bars may be mag- 
netized in this way in a few minutes, and plates or bars, of 
16 inches to 2 feet in length up to a quarter of an inch 
thick, may be magnetized within a minute.* 

With a view to facilitate the manipulation, the magnetic 
bars are placed on a flat board between two guides of wood, 
by which the line of direction is in the course of separation 
efi*ectually preserved. A small pin is fixed in the middle of 
the groove formed by the guides, by which the poles of the 
opposed magnets are prevented from actually closing upon 
each other ; there are also two other pins at the extremity 

* '-Miignc tical Investigations,' PaxtI. chap. ii. 
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of tbe distance required to withdraw the magnets, adjusted 
to the length of the bar to be rendered magnetic, by which 
the furtber separation of the magnets is checked at the 
instant required. 

99. To magnetize large bars in pairs, the process already 
described (20), fig. 11, will be found the most ready and 
efficient, the bars being arranged as in the process of Da 
Hamei and -^pinus. This is unquestionably the bost me- 
thod of applying MichelFs donble touch, care being taken 
to place the opposite poles next each other (17). 

Carved bars of the horse-shoe form are best treated also 
in pairs, as in the annexed figure 70, placing the opposite 

Fig, 70. 




or marked and unmarked ends against each other : thus 
placed, a powerful compound magnet is then appliedon the 
centre c of one of the curves, as in fig. 12, page 18, and 
glided quite round the whole circle until we arrive at the 
centre c again : this naust be repeated several times, when 
the magnet is to be removed ; the curved bars are then to 
be tumed over, and the process repeated on the opposite 
snrfaces : to facilitate the manipulation, the bars may be 
confined to a flat board by small pins at c d, This method 
is only an extension of that already given, page 17. Barlow 
adopts Canton' s arrangement, already described (94), viz. 
the placing two lines of bars in series (93), and completing 
the rectangle with magnets or soft iron. A powerful com- 
pound magnet is then glided round the whole series of bars 
after the manner just described. From 12 to 36 bars may 
be rendered magnetic in this way in about half an hour. 

100. Besides these direct methods, we have other pro- 
cesses for obtaining a magnetic development in sieel and 
iron, of much practicai importance. Marcel, so lou^ ^vao» 

F 3 
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as the year 1722, observed that a bar of iron acquired a 
temporary magnetic state by position alone (12) ; and ho 
succeeded in imparting magnetism to a piece of hard steel 
placcd on an anvil, merely hj mbbing it with the lower 
end of a bar of iron about 33 inches long, set npright upon 
the steel. The temporaiy magnetic state thus induced by 
position in the iron bar is such that the lower extremity, 
in these latitudes, becomes a south pole, and the upper ex- 
tremity a north pole ; and the forces are much increased by 
placing the bar in the direction of the inclined needle (21) : 
in southem latitudes the reverse of this occurs^the lower 
extremity is then a north pole and the upper end a south 
pole. Mr. Canton, by an ingenious manipulation of this 
kind, succeeded in communicating a weak degree of mag- 
netism to steel by means of a common poker and a pair of 
tongs, and from this magneti?5ed his series of bars to satu- 
ration by the process we have described (97) : the bar to 
be rendered weakly magnetic was attached to the upper 
end of the poker by means of thread, and the whole placed 
in the direction of the dipping needle ^21) ; whilst in this 
position the bar was repeatedly touched with the closed 
extremities of the tongs, carried from one end of the bar to 
the other, from below upward, the marked end of the bar 
being below. 

Fig. 71. 101, Savery, in 1730, suc- 

ceeded in magnetiîjing bars of 
hard steel J of an inch square 
and 16 inches long, by fitting 
an armature at each end of one of 
the bars, and touching the other 
bars with it whilst held in an in- 
cHned position, as represented in 
the annexed figure 71. Savery's 
process was very ingenious, and 
is worthy of notice. Having fitted 
two small.armatures of iron, s n^ 
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to one of tbe bars b, he held it in the magnetic meridian in tho 
line of the inclined needle (21) ; thenbringing a second bar 
A into a similar position with its marked end jp uppermost, ho 
bronght the small armatnre s near its lower end t, and then 
proceeded to touch the bar throughout its length by gliding 
the armature s nearly to the end ^. This process being 
repeated several times, he proceeded to apply the opposite 
armature Ti in a similar way to the extremity j?, and then 
to touch the bar A in the reverse direction. Having in this 
way developed a small degree of magnetism in the bar A, 
he removed the armatures from B, and applied them to the 
weak magnetic bar A ; he then proceeded to touch B in a 
similar way, taking care to place the marked end of the 
bars uppermost, By an extension of this process in chang- 
ing the armatures from bar to bar, and touch ing the weak- 
est, he obtained a sufiScient degree of power to lift a key 
weighing more than an ounce, From these bars he was 
enabled to magneţi ise several others by fixing them in series 
on a board with reciprocal poles one over the other (93), 
inclining the board in the direction of the dipping needle. 
In this position he touched the whole series as before with. 
each of the armatures alternately applied, first in one direc- 
tion, then in the other ; and so by changing the touching 
bar from time to time, as the series increased in strength, 
and allowing each bar to take up a new place, he at length 
obtained sufficient power to lift one bar with another at 
their opposite poles, The bars employed in this experi- 
ment were of hard steel, 16 inohes long and J of an inch 
square, and weighed about 3 Ibs, each. Michell, who 
adopted Savery's process, placed the steel bar A, fig. 71, 
between two large bars of soft iron : by this the effect 
appears to have been considerably increased, 

102. Another method of developing magnetism in steel 
bars, wifchoat the aid of common magnets, consists in sub- 
jecting the bar to sharp concussion. This principie was 
well known to Gilbert so long since as the year 1570^ wbo 
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in hîs celebrated work * De Magnete ' represents a black- 
smith hammering a steel bar in the position of the inclined 
needle. Smiths' tools, suchi as drills, broaches, &c., which 
have undergone pressure and motion, are generally mag- 
netic. When a steel pnnch is driven hard into iron, the 
punchis notunfrequentlyrendered magnetic bya singloblow. 

In the * Philosophical Transactions ' for 1 738 we find an 
account, by Desaguliers, of iron bars rendered magnetic by 
&triking them sharply against the ground whilst in a vertical 
position, or otherwise striking them with a hammer when 
placed in a horizontal position at right angles to the mag- 
netic meridian. Such bars attract and repnlse the poles of 
the needle. According to Da Faye, whose experiments are 
quoted, it is of no consequence how the bar is struck : all 
that is required is to impart to the bar a vibratory state 
whiîst in a vertical position. 

103. Availing himself of these facts, Scoreaby, after a 
further and criticai examination of the subject, succeeded 
in obtaining magnetic bars of extraordinary power by per- 
cussion. In the course of these inquiries, a considerable 
advantage was found to arise by striking the bar whilst 
resting in a vertical position upon a rod of iron. A cylin- 
drical bar of soft steel 6^ inches long and ^ of an inch 
diameter, resting on stone and struck with a hammer 
weighing 12 ounces, could . only be made to lift about 6^ 
grains ; whereas when resting on a bar of iron, and strnck 
in a similar way, it lifted 88 grains. Scoresby, in develop- 
ing magnetism in this way by peren ssion, first struck a 
large iron bar in a vertical position, and then laid it on the 
ground with its acquired south pole towards the north ; he 
then proceeded to strike sharply with a hammer a soft 
steel bar 30 inchc s long and an inch square, resting verti- 
cally on the south pole of the iron bar. A second similar 
bar was treated in the same way ; then, placing one of these 
steel bars vertically, hc proceeded to strike upon them, as 
supporbs, a series of flat bars of soft steel 8 inches long and 
J- an incL broad, and in a few min\ites they had acqŢaired a 
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considerable lifting power. The series of bars, being now 
toached one with the other after the manner of Canton 
(97), became very soon magnetized to saturation : each pair 
readily lifted 8 ounces.* 

Dr. Scoresby observes that large iron and steel bars are 
Tiot absolutely requisite to the success of this process, corn* 
mon pqkers answering the purpose very well. 

104. The most powerful method of developing mag- 
netism in iron and steel, without the aid of ordinar}»" mag- 
nets, is certainly by means of the electro-magnetic spiral 
(52), or by the transmission of electrical currents about the 
steel, in the way and on the principles before described (53). 

The kind of apparatus employed for this purpose consists 
of a stijff pasteboard tube, A ^ B, fig. 72, about 20 inches 
long and 2 inches Pig. 72. 

in diameter : a 
stout copper wire, 
c t z, about ^ of 
an inch diameter, 
covered with silk 
thread, is coiled 
closely round this cylinder, terminating in two moveable 
joint^d wires z c. The bar, n s, to be rendered magnetic is 
placed between two cores of soft iron N s, each about 8 
inches in length, and turned to fit the case A B, and the 
whole is placed within the spiral coil c t z, This being 
arranged, contact is made between the terminating wires 
c z and the plates of four cells of Grove's powerful battery 
(47). Supposing the spiral coil to be direct (51), and the 
current to flow from c to z, so as to descend the coils t next 
the observer, then the right-hand extremity N of ţhe bar 
8 N will become a north pole (52). 

By employing spiral coils of this kind, of sufficient mag- 
nitude,-^any steel bar may be at once magnetised to satura- 
tion : small bars and needles will at once receive a maximum 
degree of power. Bars of the hoijse-shoe form. taja»^ \i^ 

• 'PiiiJosophical Transactiona ' £ox V6II: 
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rendered m&gnetic in a flimilar way, by wîndmg a, coîl of 
covered copper wire round them, from end to end, and then 
Bnbjectiag the coil to contact with the zinc and copper 
plătea of a voltaîc cirole (40). 

[The beat way of mt^netîzing large steel bara by the 
Toltaic current ia that firet publiahed by M. P. Elias of 
Haarlem (' Phil. Mag.' voi. xxv.). 

About 25 feet of well iuanlated copper wire are wonnd so 
aa to form a hollow, very sbort, but thick cylinder. (Fig. 
73.) A current from a atrong voltaic pair ia passed throngh 
the wire, and the eteel bar to be magnetized ia placed in the 
cylinder, in which ib ia moved np and down to the very ends 
Fig. 73. 




When the central portion of the steel bar again occupiea tho 
cylinder, the circuit is opened, and the bar, which is now 
perfectly magnetized, ia withdrawn. 

When the bar is curved in the form of a horse-ahoe, it is 
■well to close it with its kceper during m^netizing, and 
when a straight one, to provide it at the top and bottom 
with a piei;e of soft iron.] 

105. A temporary electro-nii^net of soft iron rod (53) 
may be advantageoaaly employed as a meana of touching 
Bteel bara. In fact, when the airangement is of somc con- 
siderable extent, nothing can reaist it: amall needlea and 
bara wîll become magnetized to aataration by mere contact 
with ita poles. If the system be fixed and unwieldj', with 
the poles uppermost, means mnst be devised to movo the 
bara npon or very near the polea, according to any of 
the proceases before given, which may be done withont 
any great mechanical difficnlty by aecuring the bars to a 
flat board, of anfficient extent to fix them in position ; for 
esawple, according to the methoda of Da Hamei, Michell, 
Spiona, and Coulonib (92 to 96). 
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In smaller electro-inagnets (53), we may, by monntiDg 
the system on a light wheel-carriage, together with the vol- 
taic circle (47), proceed to employ the poles of the magnet 
through the platforoi beneath, in the same way as those of 
the common horse-shoe magnet (20), the whole being raade 
moveable over thebars. It will be convenient, in this case, 
to support the electro-magnet on a central standard, with a 
screw for elevating or depressing it by a small qnantity, and 
so adjusting the poles to the surface of the bars beneath. 

106. Compound Artificial Magneis. — These, as we have 
seen (19), consist of many single magnetic bars, either 
straight or curved, nnited together in series or bundles, the 
similar poles being all laid together, so as to obtain as far 
as possible the accumulated force of the whole. There are 
several methods of associating and arranging magnetic bars 
in fascicnli or other forms of union. 

The first of these claiming especial notice are the methods 
of Coulomb and Biot. The compound magnets of Coulomb 
consisted of moveable and fixed bundles of straight bars, such 
as are represented in the annexed figures, in which fig. 74 re- 
presents a small 
moveable com- 
bination, and fig. 
75 a massive or i 
stationary com- 
bin ation. 



Fig. 74. 
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Fig. 75. 



The small or moveable bundle, fig. 74, consists of four mag- 
netic bars, from 15 to 16 inches in length, '6 of an inch wide 
and '2 thick ; these having been tempered at a cherry-rt d 
heat, were nnited at each extrem ity, n s, fig. 75, upon a 
small rectangular parallelopiped of very soft iron, a b, and 
in pairs of two bars each, superposed one upon the other, 
and placed side by side, so that the resulting bundle was 16 
inches long, about 1^ inch wide, and something less than 
half an inch thick, allowing for the intervening iron arma- 
ture. The whole bundle is held together by banda of b^^'s»'^ 
or copper, as at n c s, G.g, 74. 
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The stationary or fixed bundles, fig. 75, consîsted of ten 
magnetic bars, about 21 inches in length, and of the same 
breadth and thickness as the former : these ten bars were 
disposed in two layers, or beds, of five bars each, placed side 
by side, and superposed upon ân intermediate armature of 
rectangular parallelopipeds of soft iron, which, projecting 
from between the layers of bars, as represented at N s, fig. 75, 
concentrate the attractive force, and form the armature and 
poles. The whole is held together by metallio bands, as in 
the former case. 

Coulomb employed these fixed and moveable bundles in 
magnetizing bars of steel, as alreadjr described (96), fig. 68. 
With an apparatus of this kind, consisting of two separate 
magazines, each weighing about 20 lbs.,and placed with their 
poles reversed, as represented fig. G6 (92), 100 Ibs. is re- 
• quired to separate the keepers N t, p s, joining the opposite 
poles, and a common needle is magnetized to saturation by 
mere contact with either of the two projecting armatures. 

107. M. Biot forms the armour of several plates of soft 
iron, which cover the elementary plates for some distance 
"within their extremities, and terminate without in a tra- 
pezoidal form, the whole armature constituting one common 
mass, into which the bars are inserted. 

Such combinations of bars in fixed and moveable bundles 
may be extended to other forms and numbers with advantage : 
small bundles of six or eight bars, united about a projecting 
hexagonal or oct agonal armature of soft iron at each end, 
form very convenient and available airangements for general 
experiment. These combinations of several bars may be 
either bound together by metallic bands, as represented in 
fig. 74, or they may be united by screws passing through 
the bundles, the bars being previously drilled and fitted 
together for that purpose. 

108. In combinations of bars of the horse-shoe form, re- 
presented in fig. 10, p. 16, and which for general purposcs 
are the most convenient and perfect of any, the iron arma- 
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tures are seldom applied ; the separate pieces are screwed 
together at tbe centre, and a little within the poles, hy 
means of holes drilled through the bars. The extremities 
or poles are mbbed to a perfectly even snrface. Semeţim es 
the snceessive bars, both in straight and cnrved magnets, 
are made to recede and back np the central piece on each 
side, like steps, leaving the poles of the central piece to 
project alone, as represented in fig. 9, p. 16. 

A compound magnet of the horse-shoe form, consisting of 
six bars from 2 feet to 80 inches long, '8 of an inch wide 
and '4 thick, and bent with a free curvature, so as to give a 
length of 10 or 12 inches from the shonlder to the pole on 
each side, will be fotind, when accnrately fitted and screwed 
firmly together, and the polar snrfaces rendered smooth 
and parallel, an exfcremely powerful combination. The 
curvature and form should be snch as to give about 7 inches 
across at the shonlder, and allow of the polar extremities 
coming within an inch of each other. 

Professor Barlow employed twelve bars, of about 15 inches 
in length, 1 inch wide at the centre, diminishing to ^ of 
an inch at the extremities, and |^ of an inch thick ; these 
were bent into the horse-shoe form, so as to give each side 
a length of about 6 inches. The bars were accurately £led, 
drilled, and fitted together, previously to being hardened 
and magnetized, and the extremities finally rubbed down 
with putty-powder. This combination sustained from the 
hook of the keeper 40 Ibs. Professor Barlow found, how- 
ever, that a greater proportionate power might be obtained 
by means of bars of a greater length or less proportionate 
width. 

A very manageable and efficient compound magnet of the 
horse-shoe form may be derived by the employment of ten 
steel bars, each 25 inches in length,. -/^ wide, and yV of 
an inch thick, bent so as to bring the poles within y*^ 
of an inch of each other, the curvature being such as to 
give a length of about 10 inches in a vertical Hne from the 
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surface of the keeper to the extremity of the centre of the 
curvature, which will be fotmd to give a width of about 4^ 
inches between the shoulders of the magnet. 

The most powerful magnet of the horse-shoe form as yet 
produced was exhibited by Dr. Faraday at a meeting of the 
Royal Institution, in May, 1850. This magnet, although 
not weighing above 1 Ib. avoirdupois, could sustain 26 Ibs. 
suspended from the keeper. The power of one pole alone 
was snch as to sustain an iron cylinder equal to the weight 
of the magnet, being at least twice the sustaining power 
expressed by Haecker's formula for magnets of this kind. 

The bar constituting this magnet is about a foot in 
length, 1 inch wide, and three-tenths thick ; the opening 
between the poles is about an inch, and the length of the 
axis within nearly 5 inches. The steel is not perfectly 
hard, but may be marked with a file ; the face of the polar 
surface is ground very flat and fair, and the keeper very 
closely fitted. 

This magnet was made by Logeman, of Haarlem, after 
the process of Mr. Elias. 

109. It is quite essential in every magnetic combination, 
if we wish to preserve the acoumulated force, that the bars 
or compound magnets be laid with their respective poles 
reverse to each other and united by soft iron keepers, as 
represented in fig, 66 (92). In the horse-shoe magnet 
the opposed poles are accurately placed by construction ; 
it is only necessary in this case to apply the soft iron 
keeper. 

The magnetic power of a single bar or needle will be 
effecfcually and best preserved by placing it in grooved rests 
of soft iron, fixed to the end of a light iron plate about the 
same width as the bar ; it is thus retained in position and 
efiectually preserved» 

Sets of straight bars to be employed for general experi- 
mental purposes are usually laid together with reversed 
jDoles between small cheeks, fixed in a frame or neat wood 



FOEMATION OF COMPOUND MAGNETS. 115 

tray, lîned with red or blue cloth ; a short bar of soft iron 
being placed directiy across the dissimilar poles at each 
end, so as to effectually tie them together magnetically. 

A set of eigbt or ten bars from 9 to 10 inches in lengtb, 
I of an inch wide, and ^ of an incb thick, will be found very 
nseful in magnetic researcbes. Mr. Canton employed 
smaller bars, in sets of twelve ; these were 5^ inches in 
lengtb, ^ an inch wide, and ^ of an inch thick. 

110. In combining many bars, either straight or curved, 
so as to prodnce accumulative power, we are met by a 
somewhat serions inconvenience ; the mutual repulsion of 
the similar poles is such that when many bars are set 
closely together, the proportionate power of the mass as a 
whole becomes greatly weakened, whilst the magnetism of 
many of the bars is not only very frequently destroyed, bnt 
their polarities become reversed. Scoresby has also fully 
investigated this question in his * Magnetic Investiga tions,' 
and from these we derive the folio wing resnlts : 

Any single bar or plate has more jproporUonate magnetic 
power than two such bars or plates conjoined. 

A combination of bars or plates is always more powerful 
than any single bar containing the same quantity of steel 
in mass. 

The absolute gain of power by each additional bar 
diminishes progressively, and hence a limit is attained to 
the extent of the combination. 

111. With a view of avoiding the deterioration in mag- 
netic power, fix)m the repulsion of the similar poles on each 
other, Scoresby was led, in compound magnets, to interpose 
discs of wood, cardboard, or some non-magnetic substance, 
between the extremities of the bars, so as to keep them ont 
of any very close contact : by this arrangement the ac- 
cumulated power became more fully obtained. When 30 
plates of tempered cast steel, 2 feefc long, 1^ inch wide, and 
about ţjV ^^ ^^ inch thick, were fully magnetized, and 
combined and separated by ^inch spaces, the resulting 
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compound magnet had at least twice tho magnetic energy 
which the same plates exhibited in contact. 

112. The most favourable conditions for the construction 
of compound magnets are, a similarity of qnality and form 
in the steel, both as to mass and dimensions, and a simi- 
larity also in temper : the spacing ont or separation of the 
similar poles by a disc of some intervening non-magnetic 
substance, and the employment of comparatively thin plates 
at a high temper, which last appears essential to retentive 
power, is likewise reqiiisite. Scoresby fonnd that in the 
construction of a compound magnet of thin plates of steel 
busk, or other steel plates of commerce, at a spring temper 
(86), the accumulated power very soon approached a 
maximum, so that not above 24 plates, in sets from 15 
inches to 2 feet in length and ^j^ of an inch thick, could 
be usefully combined ; whereas, with the same plates ren- 
dered very hard, above 192 plates might be efiectually 
combined, and with a result exceeding by five or six times 
the combined power of thicker bars commonly employed 
for compound magnets. 

The temperament of bars, however, for combinations of 
the horse-shoe form, appears to admit of considerable 
variation from that of combinations of the straight bar form. 
In fact, the annealing or tempering, which appears to 
detract from the combined energy of plates or straight 
bars improves, up to a certain extent, the combination of 
curved bajs : this may probably arise from the circum- 
stance of the proxima te position of the opposite poles, by 
which the deterioration of the similar poles by their near 
contact is to a certain extent parried, the opposite elements 
tending to strengthen each other. 

113. Magnetic powers of cast iron. — The fusion and 
running of iron into various forms, especially thin bars and 
plates, by which it is exposed to a greater or less degree of 
carbonisation and a rapid cooling, may be considered fa- 
vourable to the retention of magnetic energy. It is hence 
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fonud nofc ill adapted to tlie pnrpose of artificial magnets, 
altiliougli far beneath the powers of propcrly tempered steel. 
Cast iron may, in fact, be considered in its magnetic con- 
ditions as intermediate between steel and common soft iron : 
when cast into bard tbin bars or plates, it is capable of 
receiving a bigh magnetic condition, and it may conse- 
quently be advantageously employed for permanent mag- 
nets, especially in cases in wbicb economy is an object, the 
expense of caat-iron plates being extremely stnall as com- 
pared witb plates of tbe best steel. Iron of the very best 
quality appears to possess the greatest retentive power. 

114. Magnetic Machines, — ^When a very extended seriea 
of magnetic bars are associated together systematically, in 
such a way as to constitute one great and massive whole, 
such a combination has been termed more especially a 
magnetic machine. The celebrated Dr. Gowan Knight, 
F.R.S., first originated a machine of this kind, his object 
being an immediate and inten«e development of power in 
steel needles by a simple contact with the poles of such an 
instrument. Dr. Knight' s machine was constructed about 
the middle of the last centi^ry. It consisted of two great 
magazines, A B, fig. TQ^ comprising in all 480 bars, each bar 
15 inches in length, 1 inch wide, and -^ an inch thick : 
these bars were disposed, in the respective parts A B, in 
four lengths, ah, h c, cd, de; these were made up of GO 
bars, arranged in 6 beds or courses of 10 bars each, set 
edgewise, so that he had in breadth 10 bars and in depth 
6 bars — in all, 60 bars. This, repeated through ah, hc, 
cd, &c., gave a total of 240. All the north poles were 
turned the same way ; the dissimilar poles, therefore, were 
brought into contact ; and in order to press the joints of the 
bars closely together, an iron plate was placed over ti ie ends 
of the system, as at P N, perforated with 60 holes for screws ; 
the screws could be turned up against each respective length 
of bars, the plates being held together by the braces d p, 
D N. The buts or joints Sit a h c d feU under brass bracea^ 
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which admitted of being set tight upon the bara 1;^ binding-. 
ficrews. FmaDy, two thick plătea or armaturea of iron p m 




were placed orer the ends of the polea of the series ; and 
thuB the whole became bonad firmly together, forming oue 
great magnetic combinaţi on. 

Aa each of tbese raagazinea A b weîghed 500 Ibs., it 
became requisite to monnt them in Buch a wny aa to admit 
of their being easily handled and placed in any position 
relative to each other. To effect tliis, each magazine was 
placed ou a stont mahogany board, k t, moreable on central 
gndgeous at n apon two vertical atandarda, maj^e to tnm 
on on axis, like the trimnions of a cannon, and remain 
easily in any position : to assiat this operation, a Btrong 
semicircnlar pîece of Bnahogany was fixed to the plank r t, 
80 as to revolve betwee» the standards, aa indicated in the 
figare. The two magazinea, tbua monnted, were finally 
set on four wheels, by which they could be readily moved 
ia io any regnired position. 
A ama,]} fcar of Lard steel, m p, pWedbet'Tieen tbe oppo- 
eite polea it f of the magazÎDes, became instaiitt.7 mţişjtife'iÂo. 
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Thîs macliine is still in the possession of the Royal Society, 
but has evidently undergone some subsequent changes ; 
the magazines are now enclosed in cases of wood, fumished 
with projecting armatures of solid parallelopipeds of iron 1 
foot high and 2 inches wide : the internai eonstruction, 
however, remains apparently unchanged. 

The power of such large combinations of artificial mag- 
nets is not found, for the reasons already given (110), 
commensurate to the extent of the system. "We have not 
any anthentic record of the actual power of Dr. Knight's 
machine in his time. Faraday tried it, however, in its 
present state, about the year 1830, and found that when a 
soft iron cylinder 1 foot long and :| of an inch in diameter 
was placed across the dissimilar poles of the two magazines, 
it required a force of about 100 Ibs, to break down the 
attractive power. 

115. There does not appear to be ariy common standard 
of reference for the comparative weights and lifting power 
of artificial magnets, the supporting powers of some mag- 
nets, as regards the weight of steel, being much greater 
than others. Haecker, who carefuUy investigated this 
question, gives, however, for the sustaining power of arti- 
ficial magnets, the following formula : — 

|W X 10-233. 
That is to say, the cube root of the square of the weight, 
multiplied by a certain constant. This comes near the 
general experimental result. In the case, however, of the 
magnet before described (108), Haecker's formula was 
greatly exceeded. 

INSTRUMENTS FOE INDICATING THE PBESENCE AND DETERMININQ 
THE POLARITY OF MAGNETIC FORCES, AND MEASURING THEIB 
QUANTITATIVE POWER UNDER VARIOUS CONDITIONS. 

116. Instruments for indicating tine "niete "^T^^ei^'c^ ^^ 
magnetic force, and determining its pecMAi-ax -^oV^^nfc^ ^ xasc^ 
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be termed, as before observed («iO), magnetoscopes : tliose 
for ifcs quantitative measurement, under various conditions, 
may be oonsidered as magnetometers. 

Magnetoscopes generally consist of light bars or needles, 
either suspended by a delicate flexible thread, or attached 
to an agate or metallic cap, and set on a fine central point. 
Of tbese two forms of suspenpion, the filar snspension is 
unqnestionably the most sensitive. The Rev. A. Bennet, 
F.R.S,, employed filamente of a spider's web, which proved 
80 extremely delicate that two sniall pieces of straw, placed 
at right angles to eâch other, in the form of the letter T 
inverted, would, when thus snspended nnder a closed 
receiver, turn toward a person coming within 3 feet of the 
glass, and would move so decidedly toward wires merely 
heated by the hand, as mnch to resemble magnetic attrac- 
tion. A fine and weakly magnetic steel wire, snspended 
from a spider's thread of 3 in. in length, would admifc of 
being twisted round 18,000 times, andyet continue to point 
accurately in the meridian — ^so little was the thread sensible 
of torsion.* 

117. The snspension of magnetic needles, however, by 
80 fragile a thread requires a somewhat dexterous and 
practised hand. Mr. Bennet was in the habit of catching 
the thread between the expanded branches of a forked 
twig, and then fixing it to the needle and to the wire of 
snspension by means of a little quick-drying glutinous 
varnish. A more generally applicable method, however, is 
to lay each end of the thread, whilst on the fork, across a 
thin slip of paper, having previously smeared the paper 
with a little quick-drying cement of any kind. We thus 
provide for a ready intermediate attachment of the thread, 
both to the needle and point of snspension. 

An extremely light snspension, not so difficult as the 
former, consists of a single filament from the thread of the 
silkworm : this may be managed in a similar way. For 

» 'Phil. Trans.' for 1792, p. 86. 
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less refined purposes coarser filaments may be employed, 
and their ends, by a little practice, easily tied into loops. 
!We may also employ occasionally filaments of very fine 
flax, cotton, and the Imman hair. 

118. In many cases it is desirable to terminate tbe ex- 
tremities of the snspension in small open loops : sucii loops 
may consist of slight sewing silk, waxed, and secured by 
paste or some otlier cement, to the paper slips, the paper 
coming between the extremities of the silk : the ends of 
the silk may be touched with a little common vamish, glue, 
or gum, and pressed between forceps close to the paper. 
Loops of thin silver or copper wire, flattened at their ends, 
may be affixed to the paper in a similar way. These loops 
admit of farther attachment to magnetic bars or needles, 
and to a point of snspension by intermediate light double 
hooks of fine wire. A variety of extemporaneons methods, 
however, will occnr to the experimentalist whilst engaged 
in this kind of manipulation : needles may occasionally be 
fixed to a thread of snspension by a direct application of 
the thread to the needle by a little easy cement, such as 
bees'-wax. 

119. A small stirmp, formed by a hght plate of copper 
or silver, has been sometimes attached to the lower ex- 
trenuty of a snspension thread, for the reception and 
retention of any nee^e or bar we deşire to employ : this 
method was adopted by Conlomb. It is, however, gene- 
rally more accnrate to fix the thread to the centre of the 
needle itself. Idght needles or bars are best managed in 
the following way : Let a very fine central vertical hole 
be drilled throngh the edge of the bar into a hole drilled 
transversely to the bar, and passing also throngh the centre, 
as before described (21) ; the bight of a fine silk loop may 
then be readily passed np throngh the central vertical hole, 
and secnred within the bar by a common knot. "We may 
now suspend the bar from the loop of the snspension thread 
by an intermediate small double hook. 

o 
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The arinexed jBgure, 1*1 ^ represents a light bar thus sus- 

pended, in whicli a c is 



Fig. 77. 




o 



the thread of suspension^ 
and c the donble hook 
eonnecting the loops of 
the thread and bar. 
Yeiy small donble mc- 
tallic forceps, wifch com- 
pressing rings, or a clefb 
wire or piece of wood, 
will be sometinies nsefiil 
in snspending magnetic 
bars and needles : in 
this case the small pa« 
per slips terminating the 
■^a snspension are placed 
between the forceps. 
Everything, however, connected with the snspension should 
be as light and delicate as it is possible. Small snspension 
hooks are easily tnmed np from fine copper or silver wire 
by means of ronnd forceps. 

120. The nsnal method of snspension on a fine central 

point is by means of an agate or metal cap, secured to the 

centre of the bar or needle. In applying these caps for 

refined pnrposes, a hole shonld be drilled throngh the 

needle or bar, which, if reqnired, may be flattened ont at 

the centre, and an agate cap, or a small fi:ugment of fiint, 

secnred directly over it by a little cement of shell lac. 

THiere the size of the bar admits, the agate may be monnted 

in a ring of brass or sUver, and screwed into the needle, 

the needle being dnly formed and prepared at its centre for 

receiving it. Caps of hard metal may be soldered to small 

needles or bars, or otherwise applied in a similar way, by 

insertion into the bar itself. 

Wben needlea are employed extremAy «\\^ht and thin,. 

iliejr may he cnrved in the midâle, as m&goi^l'^^^Tv^^^Ti. 
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monnted on a hard centre c of glass,* flint, agate, or metal, 

by means of a descending 

fine point v, soldered or e- • 



otherwise attached to the " ''^î^ 

vertex of the cnrved por- 

tion, and so as to bring the centre of gravity of the system 

just beneath the point of suspension. 

121. The Chinese have a very ingenions method of sus- 
pending a magnetic needle, which is at once delicate and 
effective. A small bent sHp of brass, 

dce^ fig. 79, carrying a light ring at „ ^e' 

its vertex c, is attached to a small aÂ< 

conical cap d e, made of very hard 
metal: the legs cd and ce of the brass project a little 
beneath the cap, and are secnred to the cap by fine holea 
drilled throngh its sides. The needle, ncs^ to be sus- 
pended, and which is seldom more than an inch in length 
and ^th of an inch in diameter, is secnred in the ring c, 
and the whole monnted on a fine point of support. 

In this arrangement, notwithstanding that the needle is 
above the point of suspension, yet the centre of gravity of 
the three parts of the system, viz. ncs^ dce, and d e, falls 
below that point. 

122. Magnetoscope of simjple sus^pensimi, — This consista of 
a short fine magnetic needle, jfrom \ an inch to 1 inch iu 
length, and from ^th to ^th of an inch in diameter : it 
may be made of good pianoforte wire, bronght to a sprîng 
temper. The north side of it shonld be colonred with a 
little vermilion. It may be suspended by any of the 
methods jnst described, and placed within a common lamp- 
glass, to shield it fpom currents of air. If the filar sns- 
pension be employed (116), the filament may be abont 4 
inches in length, and shonld be attached to a metallic rod, 
moveable with friction throngh a stopper of ^T^a cot^^^Kr^u 
in the upper end of the glass, bo aa to a&3iâ\» ol \«sai% 

raîsed or depressed throngh a giveu «pace, ^^ ^otwt^ "VS^ 

a 2 
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the aoinexed figure 80. Bennet's magnetoscope, witli the- 

Fiff 80 spî^i^r's web suspension, may be managed in this: 

way. 

JL These simple instrumenta are very applicable to 

\ experimenta on induction, such as already de- 

I scribed (33 and 57), and in wliich the play of tbe 

I needle should be sensible and manifest. 

Magnetoscope needles of greater length and 
magnitude should be similarly treated, using larger 
filaments when requisite. If the exhibition of 
^ attractive force, without the interference of po- 
ţi larity, be required, soft iron needles may be sub- 
3j|||stituted for the magnetic needles, as in the cases 
alluded to. ' (57.) 
Wheatstone's method of exhibiting small forces by means 
of short steel needles standing in an erect position on the 
pole of a powerful magnet (55), constitutes a very delicate 
form of magnetoscope, especially available in certain in- 
vestigations. 

The arrangements represented in figures 37 and 38, p. 46, 
may be considered as magnetoscopes of a peculiar kind, 
applicable to the combined operations of magnetism and 
Voltaic electricity. 

MAGNETOMETERS. 

123. The quantitative measurement of magnetic forces 
may be either direct applications of equivalent weight, or 
any specios of equivalent reactive power, as in the reactive 
force of torsion ; or may consist of indirect determinations 
of force, through the medium of certain relative effects, 
as in ţhe amount of deviation of a suspended magnetic 
needle from its line of direction by the influence of a magnet 
placed at a given distance from the needle. 

124. Scale-hea/ni Magnetometer, — The common scale-beam 
Jbiăs been occasionsiUj appUed to tlie measurement of mag- 

uetic forces. A small cylinder o£ iron. or si. -mSto^^X» \a \ft\^ 
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«uspended from one arm of tbe beam, and counterpoised by 
weigbts in a scale-pan suspended on tbe opposite arm. The 
beam being sustained on any convenient snpport in the 
nsual way, a second magnet or iron is placed on the table, 
immediately nnder this, and the attractive force at any 
given measured distance is estimated by additional weights 
placed in the scale-pan. 

Much care is requisite in effecting this experiment. The 
beam should not be allowed any very considerable play, but 
be limited in its motions by two vertical forked stops, one 
nnder each arm. If the beam, with a given added weight 
in the scale-pan, be overset by the attractive force, and rest 
on the stop, we may either increase the distance of tho 
attracting bodies, or increase the weight, so as just to catch 
the instant of the balance of the force. Or, supposing a 
given added weight in the scale-pan, we may continue to 
approximate a magnet toward the suspended iron or other 
magnet over a divided scale of distance, and catch the point 
&t which the beam turns. 

The bent lever, or any self-adjusting balance, may be also 
-employed in a similar way to the measurement of magnetic 
force. 

Of this class of magnetometer the simple contrivance re- 
presented in figure 29 (37) is perhaps the best adapted to 
refined investigations, being at the same time very appli- 
cable to the exhibition of elementary miagnetic phenomena, 
especially the phenomena of induction. We have only to 
find by small weights placed on the suspended cylinder n 
the value of the degrees of inclination of the beam, and we 
may refer the force in operation to a fixed standard of 
weight. The range, however, is limited to the degree of 
inclination which the beam can support without oversetting. 

125. The Hydrostatic Magnetometer, — ^This instrument, 
flhown in its general form in fig. 82, and partially e»^\^âaift.^ 
in the annexed and foilowing fignrea, ia oî aueke.oT^eî^^"o5^ 
^nd universal appJication to the iiiea8\LreixiexL\. «^xi^ ©s^dSo^g^Q^ 
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oî elementaiy magnetio phenomena aud forces, that a par- 

tionlai' description of it arppeara easential. 

A lîght grooyed wheel, yr, fig. 81, abonb 2 iuches in 

dtameter, being accnrately poised od a fina azÎB, m n, is 

monnted on the smooth circmnferenceB of two Bunilar 
_. wheels, m, w, n ii/, The extremities 

of tbe azie m, n are tnmed down to 
fine long pivots, and whîlst resting on 
the &iction-'whee]s m w, n u/, pasa 
oat at tn u, between otber small check- 
wheels, two at each exiremity of the 
axis, 80 that the wheel w cannot fall 
to eitber eide : great freedom of mo- 
tion is thoB obtajned. These friction 
aod chedc-wheels are set on pointa 
or pivota in light âames of braas, and 
the wfaole is anpported on Bhort pillars 
ficrewed to a horizontal plate or 
sta^, as ehown in A B, fig. 82. The 
Btage ia snatained on a vertical oolumn, 
A B, fized to an elliptical base of maho- 
gany, e, anpported on tbree levelling 

There ia a shorfc pin h, fig. 81, fired in the circnmference 
of the TTheel W, to receive an index of light reed, cnt to a 
point, and moveable over a gradnated arc u n, placed 
behind the whoel, aa represented in fig. 82 ; the weight 
of this index is halanced by a small globnlar maaa d, 
moveable on a screw in the opposite point of the circnm- 
ference ; BO that the -wheel alone with the index wonld rest 
in any position, or nearly so. The arc u h is a quadrant 
divided'into 180 parta — 90 in the direction i h, and 90 
in the direction i n, the centre O being marked zero. Two 
£bs halea are drilled throagh the wheel, one on each side 
of ihe point k, for receîving and secniing two ailk lines, 
*" ^- ihese lines pasa over the circiim.tereii.C6 oa oţţaăAfc 
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arms of the wheel, and terminate in small hooks, t and w, 
A'cylinder of soft iron t^ or a small miagnet, rather less 
tlian 2 inches in length and ^ of an inch in diameter, is 
suspended by a silk loop from one of these lines, w\ and 
a cylindrical connterpoise of wood, a u, weighted at u, and 
partly immersed in water, is hnng in like manner from tlio 
otlier line, w, The weights, and altitude of the water, and 
of the vessel q containing it, are so adjusted, that when 
the whole system is in equilibrio, the index & o is at zero of 
the arc M N. With a view to a perfect adjnstment of the 
index, the water- vessel q is supported in a ring of brass at 
the extremity of a rod q, moveable in a tube Jc, fig. 82 : 
this tube is attached to a sliding-piece h h, acted on by a 
milled head at h and a screw within the cylinder, which is 
fixed to the stage A B — so that the water- vessel may be 
easily raised or depressed by a small quantity, and thus 
the index be regulated to zero of the arc with the greatest 
precision ; for it is evident, by the construction of the 
instrument, that the position of the index will depend on 
the greater or less immersion of the cylindrical counter- 
poise a u, the weight of which being once adjusted to a 
given line of immersion, and a given position of the wheel 
w and index 0, any elevation or depression of the water- 
vessel q must necessarily move the wheel. The counter- 
poise a u is about 1 J inch in Icngth and fall *3 of an inch 
in diameter : a small ball of lead is attached to its lowest 
part, in order to give it a suflGlcient immersion, and at the 
same time balance the iron cylinder t when the float is 
about half immersed in the water. With a view to a final 
regulation of the weight, a small hemispherical cup a is 
fixed on the head of the counterpoise for the reception of 
any forther small weights required. This counterpoise is 
accurately tumed out of fine-grained mahogany, and is 
freed from grease or vamish of any kind, so as to admit of 
its becoming easily wetted in the wat^T. 
Tbe colnmn X E supporting the stage k "b coT\a\^\i'& <i^ V'^^ 
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tubes of brass, one, G, moveable within the dtber, e c, so 
that by a rack on tbe sliding tube G, and a pinion on tbe 
fixed tube at c, ti ie whole of tbe parts just described may 
be raised or lowered tbrough given distances, as sbown by 
a divided scale G, adjustable to any point by means of a 
slide and groove in tbe moveable tube G. The brass tubes 
composing the column are each about a foot in length and 
an inch in diameter. 

126. It will be immediately perceived, firom the general 
construction of this instrument, that if any force cause the 
cylinder t to descend, then the index h o will move forward 
in the direction o N, until such a portion of the counterpoise 
u u rises out of the water as is suflGlcient to fdmish, in the 
fluid it ceases to displace, an equal and contrary force. In 
like manner, if any force cause the cylinder t to ascend, 
then we have the reverse of this — the counterpoise obtains 
an equivalent increased emersion, and the index moves in 
the opposite direction, o m. Thus if we pla^ce a weight of 
1 grain, for example, on the iron cylinder ty the index will 
indicate, in the direction o N, a given number of degrees 
equal to a force of 1 grain. If we double this weight, we 
obtain a force of 2 grains, and so on. The converse of this 
arises on placing the weights in the cup of the counterpoise 
a u. We may thus reduce the indications to a known 
standard of weight. It is further evident, that, whether 
we operate on the system by gravity or by the attractive or 
repulsive force of a magnet, the indications of force are 
equally true. 

If the instrument be well constructed, and the counter- 
poise freely wetted in the water, the march of the index in 
either of the directions o n or o M will correspond to the 
added weights. Thus, if 1 grain gives 3 degrees, 2 grains 
will give 6 degrees, and so on. And thus we obtain a con- 
tinual and known measure of the force we seek to «xassâs^^^ 
within a given range of degrees of ttie arc, -^pA^Oq. ^ţ!r^\i!^ 
more or lesa extensive according to tine tocL'e>ii«i.Qraa ^^ ^^ 

o 3 
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cjrlindrîcal counterpoise, the intensity of the force, and tlie 
rate of its increase. When we require to examine very 
powerfal forces, or forces operating on the suspended iron 
t at small distances, ifc is requisite to increase the size of 
the counterpoise fioat, the indications of which we may 
always find the value of in grains, as before. 

Previously to snspending the cylindrical counterpoise a u, 
the iron cylinder t should be placed in equilibrio on the 
wheel w, with an equal and opposite weight, as previously 
determined by an accurate scale-beam, in order to observe 
i^ when loaded with the whole, the wheel w and index are 
indifierent as to position on any part of the arc, or nearly 
80. The instrument will be sufl&ciently delicate, if, when 
loaded in this way with 350 grains, it is set in motion by 
something more than ^ a grain added to either side. 

In order to retain the wheel w, figs. 81 and 82, in its 
position at the time of removing either of the suspended 
bodies, a small brass prong is inserted at h into the arms of 
the circular segment M N, so as to enclose the pin h carry- 
ing the index : the wheel is thus prevented from falling to 
either side. 

127. The forces requiring to be measured are brought to 
operate on the suspended cyHnder t through the medium of 
induction on soft iron, or by a magnetic bar placed imme- 
diately under it, either vertically or horizontally. In the 
vertical arrangement, shown in fig. 82, the magnet or 
iron is fixed against a graduated scale s, by which the 
distance between the attracting surfaces or bodies is esti- 
matod. This scale, together with the magnet H, is secured 
by light bands, 8, of brass, united by a rod d k. The lower 
bând and rod d are both fixed to a stage D, moveable be- 
tween guide-pieces, and acted on through a nut at ^ by a 
vertical screw, p q, about 6 inches in length and § of an 
inch în diameter ; so that the whole may be raised or de- 
pressed, and ience the suspended cyAixideT and magnet 
placed at any reqtiired distanco apart. Tî:\\q T^^oX-a-^ÂoTi q1 - 
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this important element in the operation of magnetic forces 
is lience provided for in two ways, viz. by tlie rack at G and 
the milled head at P, either of whicli may be employed, as 
found most convenient. The scale s is of box-wood, 1 foot 
in length, f of an inch wide, and ^ of an inch thick : it is 
divided into incbes, subdivided into tenths and twentieths 
of an inch. About 6 incbes of the upper part is divided in 
this way, viz. 3 inches on each side of a central division, 
vrhich is marked zero ; the rest of the piece extends to the 
stage D. The magnetic bar h is tied to the scale by com- 
pressing screws and simple brass bands, either fixed, as at d 
and K, or moveable, as at h. This adjusting apparatus is 
secured to a stout brass plate R, fitted by a dovetail into a 
sliding-piece v, forming part of the mahogany stand e, so 
that it may be removed at pleasure. The brass bands and 
frames at D H K are snflGlciently capacions to enclose two 
bars together if reqnired, the snperabundant space being 
fiUed, when only one magnet is employed, either by a bar of 
wood or small wedge-pieces in the brass frames. 



128. When we require to examine 
the forces in different points of a 
moderate sized magnetic bar, as ex- 
«mplified in Exp. 11, page 22, the 
bar is laid in a small frame-piece t v, 
fig. 83, temporarily fixed by a com- 
pressing screw to the divided scale s, 
in the way already described, the 
force on the snspended cylinder t 
being caused to operate through a 
small cylinder of soft iron d, accu- 
rately fitted to the surface of the bar ; 
and thus, by sliding the bar along in 
the holding frame, we may get, ap- 
proximatively, by induction on the 
iron d, the force of any point in the 



Fig. 83. 
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When the bar is of considerable magnitude and weight, 
or we reqtdre to ezamîne inductive forces, such. as in Ex- 



Fig. 84. 




periments 19, 22, 23 (pages 30, 33, 34), the magnets maj 
be placed on a narrow table, a h, fig. 84, supported on a 
central sqnare pillar p, fitted to tbe frame-pieces, k p, of 
Fig. 86. the adjusting apparatus aJready described 

(128), so that the whole may be raised or 
depressed through any given distance. 
In this case the divided scale s, fig. 84, 
which measores the distance a between the 
attracting or repelling snrfaces, is a de- 
tached piece fixed against one of the per- 
pendicular sides of a right-angled triangle, 
so as to be anywhere placed upright on the 
bar : the table a b also has a divided scale s, 
moveable in a wide groove through its cen- 
tre, by which any distance, 5, between mag- 
netic masses may be also shown. When 
the bars are very ponderous, two supports 
re required, one at each end of the table a h, 
129. Inductive forces are examined ver- 
tîcaXLj by fixing the masses by compres- 
Bing bands 8 against tiie BC«Xe ^, ^^. ^^^ ^^a 
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Tepresented in the annexed fig. 85, and of which we may 
îiave, if requisite, two or tliree in succession. 

These arrangements put ns in a position to note readily 
and simultaneously all relative distances and forces under a 
great variety of magnetic and apparently complieated con- 
diţiona. In the arrangement fig. 85, for example, we may fix . 
a mass of iron, s, at successive distances, s n, from a magnet 
H, and yet preserve tlie distance, a h, at which the înduced 
force operates constant, either by the rack and pinion c, or 
the milled head and screw p e, fig. 82, and thus arrive at a 
measure of the inductive force on the intermediate mass s. 

130. We have been somewhat prolix in our description of 
this instrument, but not unnecessarily so. There is scarcely 
any elementary experiment in magnetism which it does not 
completely and satisfactorily illustrate, besides Aimishing 
quantitative measures of great importance to the mathema- 
tical inquirer into the laws and operations of magnetic 
force. The experiments given in pages 22, 28, 29 to 37, 
may be all repeated with this instrument, only varying the 
operation of the forces, which are to be referred to the 
suspended body /, and which may be either soft iron or a 
magnet, as the case requires. Thus, on suspending a small 
and powerfully permanent magnetic cylinder, and sliding a 
long bar under it at a constant distance, we have all thia 
attractions and repulsions shown by the march of the index 
in opposite directions, O M, o n, fig. 82. In employing a 
cylinder of soft iron we observe the precise position of the 
points of greatest and least attraction, the centre and poles 
of the bar, as already explained (25). 

131. Torsion Balance, — This species of magnetometer is 
derived from the reactive or untwisting force of a fine wire 
when subjected to a certain amount of torsion. The prin- 
cipie was first applied by the Rev. J. Michell, F.R.S., 
about the year 1790, for rendering sensible the attractions 
of small quantities of matter. Hîb appaT«i,\!via'^«^ ^Ta?^^^^^^ 
bjr Carendisb, in 1798, after MiclielTs deaVJo., m\:\^ ot^^cv- 
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Fig. 86. 



fH' 




menta to determine the density of the earth..'* Ooulomb 
ftirther adopted the same principie, under the form of what 
is termed * the balance of torsion.' In this instrument, the 
directive or other force acting on a magnetic bar or needle 
j) n, fig. 86, is balanced against the twisted force of a fine 
wire a 6, suspended from a point of support a, and to which 
the needle or bar is attached, the point of support being the 
terminating extremity of a vertical wire or rod, w a, passing 

through a collar n a plate 
d m c a, and surmounted by a 
milled head m. It is here 
evident, that by tuming the 
milled head m^ we necessarily 
turn round the wire a h ; and 
if the bar or needle jp n resist 
this tyrist, we may place the 
resisting force in equilibrio 
with the reactive force of the 
torsion ; or if, on the contrary, 
we apply a force to either pole 
of the needle p n, considered 
as a lever, then the wire a h, 
resisting the movement of the 
needle by the torsion impressed upon it, fumishes a balance 
to the force in a similar way. The amount of twist given 
to the wire is estimated in degrees, either by a graduated 
circle, p h n o, within which the bar or needle tums, or by 
a graduated plate, c m da, with an index c, showing by 
how many degrees the point a has been tumed round, and 
consequently the twist impressed on the wire a h. Thus 
Coulomb found, for example, that with a fine wire about 
30 inches in length it was requisite to turn the index c 
through 35 degrees, in order to force a magnetic needle p n, 
24 inches long and about the -j^th of an inch in diameter, 
through one degree of the circle p h n o^ that is, to deviate 

* Phil Trans. for 1798, p. 469. 
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one degree from its line of direction ; and thus a comparative 
value of the directive power at one degree was obtained. 

In this instrument the needle jp n ia fîxed in a small 
stirrup &, and is enclosed in a glass case, the plate c d and 
wire a h being supported in a tube of 30 inches in length, 
raised from the centre of the framework of the case. 

Coulomb has shown that the reactive force of the wire 
<i 5, when subjected to a moderate twist, is directly propor- 
tionate to the angle or arc through which the extremity jp 
of the needle has moved, and is not aflPected by the weight 
of the suspended body. 

132. The Bifilar Balcmce. — In this magnetometer a reac- 
tive force is derived from the gravity of a needle p n, fig. 87, 
or otherbody, suspended cen- 
trally by twoparallel threads, 
ahy cd, from a short cross- 
wire c a, and which can be 
moved ronnd so as to cause 
the threads to tnim as it were 
npon each other, by which 
the mass of the needle pn,if 
resisting the twist, is insensi- 
bly raised, and its gravity or 
weight thus made to balance 
any given force operating on 
it ; or, supposing the needle 
jp ^ to be at rest on the mag- 
netic meridian, when the two 
threads of suspension are ver- 
tical and parallel, and it be 
caused to deviate from this 
position by the operation of 

a repulsive force on one of its poles jp, then the two threads, 
ahy cd, wiU become more or less oblique to each other^ and 
the needle will be raised by a smaXl quau\î&Y^ «cA.^^ \fisîv 
dencjr ofthe needle to descend by gravity ^nSV \iei m ^050^^ 
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librio witli the force acting on the poles of tlie needle, con- 
sidered as a lever. Similarly, by turning the cross-wire 
c ahj means of the micrometer m tlirougli any number of 
degrees, we tend to tuni tbe needle jp n from its line of 
direction, and so twist the threads npon each other in a 
similar way, the directive force of the needle may be thus 
estimated. The other arrangements are similar to fig. 86. 

The reactive force in these bifilar suspensions is directly 
as the distance between the threads and inversely as their 
lengths. It is also directly propprtionate to the weight of 
the needle or other suspended niass, and is as the sine of 
the angle of deflection of the needle. 

To prevent the threads from coUapsing upon each other, 
small stays sss oî light cork or reed are inserted at given 
distances between the threads. 

The bifilar suspension was first employed by the author 
in. the year 1831 : the principie waS commnnicated to the 
Royal Society in 1832, as may be seen by a MS. letter to 
Professor Christie in the archives of the Royal Society. It 
was further made known through the medinm of the Royal 
Society of Edinburgh in 1833, as appears by the 13th 
volume of the Society 's Transactions, and in 1835 was laid 
before the Physical Section of the British Association, 
under the form of a Bifilar Balance.* The instrument is 
very fiilly and completely described in the Transactions of 
the E/oyal Society for 1836 ; and the same principie has 
been since resorted to in the Magnetic Observatories at 
Greenwich and other places, for estimating small variations 
in the directive force of a suspended magnetic bar. 

133. Magnetometer of Declination, — ^This instrument con- 
sists of a light short needle, fig. 88, delicately suspended 
within a graduated ring of cârd or metal 8 S nis, The 
needle and divided circle are fixed in the axis, and near one 
extremity of a straight mahogany board E w, moveable 
^bonta point c, concentric with the centre of the needle, so 

* British Association Eeports, yoI. W. p. 11. 
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that it may be readily turned for a ahort distance to eitlier 
aide of an arc A b, forming a base of support. 

A central or axial line p- gg_ 

w E ia drawn on the board, 
and another line a N at 
rîght anglea to thia, passing 
thronghthe centre c. Other 
linea, ah d, &c., are drawn 
on the board parallel to a s, 
denoticg the distance in 
inohes of the pointa ah d 
from tbo' centre of the 
needie. 

The whole apparatna ia 
so piaccd as to make the 
needie c coincident wifch a. 
the line s n, which may 
be finally and completely 
effected in tnming the 
board e w a litfcle to the 
righfc or the left npon the 

centre c. Thia adjnatment complete, tbe asial line e w will 
be in an east and west dîrection, being at right angles to 
the meridional direction s n of the needie. 

The force of a mt^uetic body u is estimated by pladng it 
at a giTcn diatance M o from. the centre of the needie, imme- 
diately in the axial or eaat and west line of tbe board e w, 
and at rîght angles to the directîon a H of the needie, and 
noting the angle of deviatiou of the needie in degrees of the 
graduated circle s a nis. If the foroe of a magnet, u for 
esample, be eiamined in thia way at a diatance a c from 
the centre of tbe needie, of five or aix times the length of 
the needie, then the tangenta of the angles of deviation of 
the needie, ae found in the ordinary MathematiceX T«.\i\e&, 
afford a> Yery fair spproximatiTe meaame oî ftife ţcrecfâ c 
power of the tar. TJinB, if the I 
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by two magnetic bars, wliose separate powers we wished to 
determine, were at the same distance m c, 12 degrees and 
40 degrees respectively — ^then the relative forces, as found 
in the colnmn of tangents for these angles, wonld be as 
2125 to 8390, or as 1 : 4, very nearly. 

If the needle c were indefinitely short in respect di the 
magnet m, or the distance m c indefinitely great, then the 
foroe operating on the needle wonld be exactly measured by 
- the tangent of the angle of deviation ; bnt since we cannot 
employ a needle indefinitely small, or distances indefinitely 
great, we cannot realise in practice an absolutely perfect 
resnlt. The errors, however, diminish rapidly with the 
distance; in fact, the force is not really exerted in the 
direction m c, bnt moria or less obliqnely on either side npon 
the arms of the needle. The power also of the magnet is 
not the same in the deviated position s n oî the needle as in 
the rectangular position s N ; hence, if we examine the force 
at small distances from the needle, certain corrections will 
be reqnisite, tending to complicate the experiment, but 
which diminish rapidly as the distance is increased.* 

For the purpose of convenience and accurate observation, 
the magnetic bodies whose forces we require to examine 
are placed on a circular plate o, moveable about a centre o, 

* Let n c s ia the annexed fig. 89 represent a magnetic needle de- 

riating from the magnetic meridian m c a by a force acting in direction 

Fig. 89. t <?, as in fig. 88. Take c a to 

represent the horizontal or di- 
rective force of n 8; draw a b 
perpendicular to u m^ meeting 
8 n prolonged in b ; then we hare 
a 6 as representing the deflective 
force operating in direction ^ c as 
before. But in this triangle c ab 
we have, by the principles of 
trigonometry, c a '. a b i '. rad. 
.* tangent of a eh. If horizontal force c a be called unity, or 1, we have 
a â X R ss tangent of the deviation a c b x 1 ot directive force = 
tangent of deviation, B being also consideted aa \xm\.^. 




UAGSETOJIETES OP DEFLECTIOW. 139 

on a aliort rectaogalar boarâ H u beneath. Thia last board 
moves between gaide-pieces on Hie board £ w, so as to admit 
of the magnetic bodj m being Bet at aiaj reqoired distance 
jrom tbe needle s s, wbilet hy the revolving circnlar plate 
O W6 are enabled to reverse the positiou of a magnet u 
withoat deranging its poaition, and so ezamine the fbrce of 
the oppoGÎto pole. 

The precÎBB sitoations and directions being once obtained, 
the respective moveable parta are fixed by appropriate 
ecrews and clampB. 

134, Magnetometer of J)eJlectutn.~Tido iustmment, re- 

preaented in the annexed figare 90, is veiy pimilm- to the 

Fir. 90. 




former in principie ; the difference being in the poaition oF 
Hie magnetic body nnder examination, wbich ifi alwaya 
placed at right angles to the direetion of the deflected 
needle. In ttiia figure s N is a deJioately snspended needle, 
■with an accnrately divided cirde or cârd c, by -which ita 
angular deflectiona from the magnetic meridian are shown. 
The needle and cârd are enpported on a fixed point or centre 
c, 80 as to be a Kttle raisod above a circnlar disc of 
mahogany A b c, concentric witi thia needle, and which ia 
moveable about the central point c, immediately nnder it. 

The circnlar disc A B d cairies a long projecting arm 
D T, in the direetion of a diameter of the drcle ; an. «âa-l 
line D T, 18 ărawa npon this arm, ■w^âoV, ^ cotAm;»^ 
wonld paaa througb the centre c, inumeiiste^s thAks *&n» 
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centre of tbe needle. This line is divided, as in tlie former 
case, fig. 88, by other transverse lines ah e^ showing the 
distance of these points from the centre c. The whole is 
placed on a firm mahogany base or clamped board, farnished 
with a divided semicircular arc ^ o a, concentric with the 
graduated circle of the needle. This arc is divided on each 
side of the centre o, np to 90°, the point o being the zero 
of the arc. By means of a light index b o, attached to the 
moveable circle a b d, we are enabled to estimate, on a large 
scale, the angular quantity through which the circle bas 
been tumed either way. 

The instrument being adjusted so as to bring the line 
D T perpendicular to the direction of the needle or magnetic 
meridian N o, and the index B o at zero of the arc jp o a ; 
then the force of any magnetic body M T is measured, in 
placing it in the line d t, at a given distance c M, from the 
centre of the needle S n : in this case the needle will stand 
more or less oblique to the hne of the deflecting body M, 
and will assume some other direction, s n, We now proceed 
to tam the circular board A B D and arm D t, in either 
direction, until we again bring the Hne of deflection at right 
angles to the new direction of the needle. Thus, when the 
new direction becomes 8 n^ the line of deflection should be 
in the direction t c : now the angular quantity by which the 
arm d t has been tumed, in order to establish the equili- 
brium in this precise position, corresponds to the angular 
deflection of the needle, that is, to the angle w- c n, and this 
angle therefore becomes measured on a large scale a o p, 
hj the index b o, however small a needle, s N, we may 
find it convenient to employ. Now the force of the de- 
flecting body M T, if the distance c M be many times the 
length of the needle, will be very nearly as the sine of 
the angle of deflection as given in the ordinary Mathematical 
Tables. 
Thas, if two magnets placed at th© same distance c m 
^oza tbe centre c, or the same magnet. i^"\a.cfeâL a.\. ^^^t«c.\» 
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distances, cause deflections of 20 and 43 degrees respec- 
tively, then the relative forces will be as 3420 and 6819, or 
as 1 : 2, veiy nearly. 

135. In experimenta of this kind the needle N s may be 
considered as a pendulum, wbich, when drawn aside from 
its natural position, tends to retum to it ; and if by any 
eqnivalent statical force acting in a given direction we 
maintain the pendulum in any otber position at any given 
angle to its natural position, the amount of such statical 
force, as is proved by mechanics, will vary with the sine of 
the angle of deviation. The conditions, however, of a mag- 
netic needle, considered in this way, and sustained at a 
given angle to its meridian by a deflecting magnetic force, 
are both in this and the preceding case, fig. 88, extremely 
complicated and troublesome. The force which we measure 
is actually the resultant of all the forces of the magnet, and 
we have necessarily to consider it as proceeding from four 
elementary actions, two attractions and two repulsions; 
that is to say, the repulsions of the similar and the attrac- 
tions of the dissimilar polarities (14). We must hence 
endeavour to place the experiment under such practicai 
conditions as will enable us to consider the result as derived 
fix)m a central force operating upon the poles of the needle 
in a given direction. In ^g, 90 we have supposed the force 
to be directed from one pole of the deflecting magnet, m, in 
a direction always perpendicular to its actual position ; still 
in this, as in the former instance, ^g. 88, the forces are not 
really so exerted ; they fall more or less obHquely to tho 
needle upon each side of the centre, and it is only when the 
needle is supposed indefinitely short, or the distance c m, 
fig. 90, indefinitely great, that we can really consider these 
oblique forces as perpendicular to the line of the needle. 
We may, however, so consider them for most practicai pur- 
poses, when we make the distance c m exceed five timea tke 
length of the needle, whilst the oppoBÎte ţoVfâ i oi ^îsi'ek^aasc 
beîng still f&rther removed, the torcea froia \Xâa ^oVa xc^ai 
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be so far neglected. In this way we may arrive at yery 
£Eur and yâlnable approxîmate measnres.* 

For tlie better conveniencîe and accnracy of observation 
the magnet (m, fig. 90,) may be placed on a moveable cir- 
cular board and slide, as in fig. 88, so as to turn tbe poles 
into an opposite position, and adjust tbe distances without 
disturbing tbe bar. 

136. This last magnetometer, as is evident, is convertible 
into the former by simply observing the deviation of tbe 
needle s N wben the arm d t is at right angles to the mag- 
netic meridian ; and conversely the magnetometer, ^g, 88, 
may be employed as a magnetometer of rectangular deflec- 
tion, by tuming [the board E w, together with the needle 

^ Let s K, fig. 91, be a magnetic needle, of which the line t p is the 
natural direction or meridian, and let m be a magnet causing the needle 
s N to deviate from its meridian by some given angle, p c n, and holding 

Fig. 91. it there by a force supposed 

to be collected in the pole m, 

^V and to operate in the direc- 

\. tion M c, or at right angles to 

T _^:^».2 *?-. ^ -l the actual position, s N, of the 

/'^v / needle, and upon a centre of 

>^ / force, N or s, resident in the 

>^ poles of the needle. Then, 

/ ^^^ — — / taking a c to represent the 

j^^Xa / iovce urging the needle in its 

''**^ ' natural meridian t p, and a s 

perpendicular to s n, the force by which the needle is sustained at a 

given angle a c s, we have from the elements of trigonometry c a: a 8 

: : sine oî as e: sine of a c s, and thus deduce « s = ^ ^ ^ sin g c s 

sm a s (7 

But if, as in the case of the instrument (fig. 90), the distance m c bo 

taken so great as to admit of the obliquity of the action in direction m s 

being neglected, and a s to be parallel to m e?, or nearly so, and that this 

direction is always perpendicular to the needle, so that angle a s c be- 

comes a constant — being a right angle or unity — and if, moreover, we 

only consider the comparative deflecting force without regard -to the 

boTÎzontal îorce c a uiging the needle to its natural meridian, then we 

majr neglect sine of a 8 c and force c a, aiiâ. -we \i«vfe iot \l\e^ aibove 

equation — deflecting force as» sine of a c a. 
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and magnet, into such a position as will bring the needle 
again at riglit angles to the axial line of the board : if we 
then remove the magnet M, the needle retums to its meri- 
dian, and we are enabled to observe the nnmber of degrees 
by which it has been deflected. The great advantage of 
the latter arrangement, fig. 90, is that we are enabled to 
employ a very short needle, and yet observe the degree of 
deflection on a very large circxdar arc, a o ^, This, how- 
ever, might still be effected in fig. 88 by applying an index 
and large graduated arc to measure the angular movement 
of the extremity w of the board e w, about the centre c. In 
this case the angular quantity requîsite to turn the axial 
line E w, in order to place the needle at right angles to that 
line, would represent accurately the deflection of the 
needle fix)m its meridian. 

137. Magnetometer of Oscillation, — This magnetical instru- 
ment consists of a light magnetic bar, or needle, N S, fig. 92, 
suspended by a fine silk 
filament a i from a fixed 
point i, within a gradu- 
ated circular ring a s & N. 
The cârd and needle are 
mounted in a light 
wooden frame t u t\ car- 
rying an elevated and 
narrow cap and nut c 
for the thread of sus- 
pension. The whole is 
placed on a slightly ele- 
vated table t iff indicated 
in the figure, and so as 
to be moveable about a 
central pivot a, which, 
if prolonged, would pass 
through the centre of 
the needle and cord N a 8 b. The tlaiead oi «as^«^^^s«i. S& 



Fig. 92. 
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attached to the extremiij of a rod c a, which is acted on 
by a milled head and screw at c, so as to elevate or depress 
the bar s n by any small quantity ; and adjusted to tbe plane 
of the gradnated ring a S 6 n there is a forked lever a h, 
carried by a rod a'i, passing through the base of the frame, 
by which, in tnming the milled head at A, the needle or bar 
may be seized, as it were, eqnally on each side the centre, 
and tumed to any given points of the gradnated circle. 

The opposite points 1 1' of the cârd are marked zero, and 
the cârd is gradnated np to 90 degrees on each side of these 
points. The axis of the bar s n is bronght to coincide with 
these points by tnrning the frame carrying the cârd about 
the centre o. Two indexes N S of fine platinnm wire are 
inserted in thin vertical slits cnt on the extremities of the 
bar, and there are two sights in the frame at ^ ^ by which 
the position of the opposite points of the cârd and needle 
may be accnrately placed in the line of the magnetic meri- 
dian. The insfcrnment being thus adjusted,- the bar S N is 
tumed aside by the forked lever ah io any given angular 
quantity shown on the cârd. The lever is then quickly 
tumed băck, and the bar allowed to vibrate for any given 
period. The times and arcs of vibration are carefally noted, 
and from this the force urging the bar is deduced. 

The frame t u i! may be covered with a thin glass shade, 
to screen off currents of air from the vibrating needle, hav- 
ing an open end at u for the passage of the vertical narrow 
fi^ame c u. 

In the Edinburgh Philosophical Transactions, voi. xiii. 
Part I., and in the Transactions of the Royal Society for 
1831, will be found a more detailed account of this instru- 
ment as applicable to the observation of the vibrations of a 
magnetic bar in an exhausted receiver. 

138. The principie of this magnetometer is based on the 
îact that a vibrating magnetic needle may be considered as 
a speoiea of pendulum ; and the coudition of the needle 
m'tb regard to the magnetic directive îotce o^ei^^oi^ cro^Sî^ 
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ÎS very similar to that of a lever moveable on a horizontal 
axis, and acted on by any otlier force, sucii as gravity ; 
such, for example, as the case of tlie compound pendulum ; 
so that the same laws apply to botli these cases. N"ow it is 
proved by the laws of oscillating bodies — 

1°. That the time in which the same pendulum osciUates 
under different degrees of power will be inversely pro- 
porţional to the square root of that power. 

2°. That the force operating on the pendulum will be in 
the inverse ratio of the square of the time. 

3®. That the time being the same, the force will be 
directly as the square of the number of vibrations. 

Such are the general laws requisite to be kept în view for 
cur present purpose. In the adaptation of the magnetîo 
pendulum to the measurement of magnetic forces there are 
certain other considerations to be taken into the account| 
în the application of a vibrating bar or needle to particular 
and refined inquiries in magnetism, which wiU be noticed 
hereafter. 

139. As a practicai illustration of the application of the 

magnetometer of oscillation, fig. 92, to the measurement of 

magnetic forces, suppose the bar s N, under two different 

states of intensitj, as produced by the methods of sîngle 

and double touch, already described (93), had been found 

to make within given small arcs of vibratien, 

First 10 vibrations in 80 seconds (a) ; 
Second 10 vibrations in 40 seconds (5); 

then, by the laws just given (138), the force, or magnetîo 
power of the bar, would in the second case (&) bo four 
tîmes as great as in the first (a).* 

* Let the force nrging the bar in the first case (a) be called/; 

in the second case (6) ,, J*, 

We have then by law P, 80" : 40" : : Vj: Vf ot Vf: Vf : : 1: 2, 
that is, ^/ = —j-^. Ifwe caU/nnity ot 1, then Vf -^ «lAf «^\ 

hence force /^ 18 4 tîmes as great as force/. "We "bKv^ T«aA»\ry'\»w *t * 

H 
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140'. The rate of vibration of magnetic bars as a measure- 
of force may be occasionally observed by a simple snspen- 
flion fipom a fixed point. Coulomb deduced in this way tbe^ 
force of tbe bara constituting bis large compound magnet 
(106), as produced by varions methods of magnetizing. 

141. A very simple and readyform of the magnetometer 

of oscii lation, especially in such inves- 
tigations as require a sbort and fine 
vibrating needle, consists în the snspension 
of a small piece of magnetized steel wire- 
within a common lamp-glass, closed at the 
top by a cork, throngh which the wire oF 
snspension may be easily mored. A gra- 
dnated ring of card-board shonld be made* 
80 as to encircle the glass at the positioB 
of the needle, and the whole may rest on- 
a circular grooved piece of mahogany.. 
This instrument is represented in fig. 93.. 
The needle suspended within this glass 
may be put into a state of vibration by 

the externai influence of a small piece of 
iron, or a weak magnet. 

142. The Gomjpass, — ^A magnetic needle, or bar mounted 

Fig. 94. on a fine centre, enclosed within 

a shallow box or metallic casc,, 
and fumished with a plane cir- 
cular cârd, denoting the chief 
or cardinal points of the horizon- 
tal plane about us, constitutes a 
magMctical instrument termed 
the cqmpass, This instrument, represented in fig. 94, consist» 





/ :/ : : 40^ : 80^ : : P : 2^, or as 1 : 4, which is the same result. By 
2aw 3^, we have, in taking the number of vibrations performed in the 
same tlzne, say for the first case (a), xednced to 40 seconda, f:f:i6^i 
10', that 28 : : 25 : 100, or as 1 : 4, as in the oWiet ca.se». 
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therefore of three principal parts : tlie needle s n, the cârd 
below it, and the case in wHch these are enclosed. The 
term compass is immediately derived fix)m the cârd, which 
compasses, or involves, as it were, the whole plane of the 
horizon. 

The compass needle, sn, is usually a light bar, set 
^dgewise npon an agate centre, as already described (120), 
sometimes it consists of a thin piece of steel plate, tapering 
-Sroni the centre to the extremities, and may be of any 
dimensions, according to the size of the compass required. 
The Chinese employ very small instruments, their needles 
not generally exceeding an inch in length. They consist 
of a short piece of fine cylindrical steel wire, and are 
suspended in the way already described (121), the centre 
of gravity being above the point of snspension. 

The compass or cârd indicating the varions points in the 
horizon, with reference to the direction of the magnetic 
needle, is eîther fixed in the case immediately under the 
needle s n, and separate from it, or is otherwise atîached 
to the needle itself, as in fig. 96, so as to traverse with it. 
In the former case it is constructed of card-board or metal ; 
in the latter, it is made of some very light snbstance not 
snbject to warp from heat or moisture, such as a thin plate 
of ^alc. 

148. In the magnetic compass, the plane of the horizontal 
circle is divided into thirty-two parts by lines snpposed to 
be drawn diametrically through the circle. These, as prac- 
ticaUy applied to the compass cârd, are called points of the 
xsompass, or in ilaatical language, rhnmbs.* In marking 
ihe comx>ass cârd, such as is represented in ^g. 95, the 
circle is first divided into two semicîroles by a diameter s n, 
denotîng the line of the magnetic meridian ; and the north 
>point, as being the most elementary or great point of refer- 

* From the Qtreek pcfifia, to tum ; a vertical dtde/m \?32rtĂx^%^ ^^ 
io intenect the borîzontal plane in certain pointB, toarj \i^ <î«tiR«CTA^ 
.shvide it into rbumba, 

n 2 
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ence, is nsoaUy diatingaished hj aa ornamental airow or 
flenT-de-lis. A. diameter e w îs next drawn at riglifi angles 
toB s,hj TCliich we obtom the eaet and west line, and thoB 
we h&ve ihe fonr principal or elementary cardinal pointe. 
Ibe qoadranta of the circle betweea these foar points are 
fartber and eqoally dirided by two otber dîameliers, pro- 
dncing fonr new rlrambs or points. These are named &om 
their relative position in the compaaa. 

The point mid'way between n and e, for example, being 

componnded as it were of the two directious, is tenaed 

north-east, and marked h e. That midway between n and 

Fig, 93. 




W is in a eimilar way termed north-weat, and i 

That between s and w ia termed soath-west, and marked 

3 w ; between s and B ia south-east, and marked s e. 

We thns obtain eight principal points or rhnmba, an^ I7 

continning the diTision bj diametera, bisecting the arcs con- 

tamed hy tbese Srat eight pointa, we obtain an additional 

s'gi i poia ta, m^dng în all Bixbeen ţomtia -. ^i^ae «ăS^âncal 

poiata are named, as before, from ttiftvr ţoâ&m. m. S!!» 

oompaBs. 
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The point midway between n and n E is termed north- 
north-east, as beîng nearer nortb. than east, and is Hence 
marked witli two letters, n, tbns N N e. In a similar way, 
the point between east and nortb-east is termed east-nortb- 
east, as being nearer tbe east, and is marked tbns, e n e ; 
and 80 on of tbe remaining bisected arcs : tbns we bare 
tbe points n n w and w n w for tbe points between nortb 
and west ; s s w and w s w for tbe points between south 
and west ; s s e and e s E for tbe points between sontb and 
east. 

By fdrtber contintdng tbe bisection of all tbe arcs in- 
claded between tbese points, we again, as is evident, donble 
tbe nnmber of rbnmbs, and obtain sixteen additional points, 
making in all tbirty-two points : tbese, as in tbe previons 
înstances, are named from tbeir position in tbe compass, 
witb tbe addition of tbe cbaracteristic word by, 

Tbns tbe point midway between N and n n e is called 
nortb by east, and is marked n by E ; tbat between N and 
N N w, nortb by west, and is marked N by w ; tbe point 
between n e and n n e is called nortb-east by nortb, and îs 
marked n e by n, and so on, leaning for tbe designation 
towards tbe nearest of tbe four elementary cardinal points. 
Tbns tbe point midway between e and e n e is termed east 
by nortb, and is marked e by n. In tbis way we arrive at 
tbiriy-two rbnmbs or divisions of tbe circle into points, 
wbicb, taken in succession from tbe first or principal point, 
nortb, and carried ronnd tbe circle in eitber direction, east 
or west — snppose in tbe east direction — will stand tbus : 



N. 


E. 


s. 


w. 


H. by E. 


B. by 8. 


s. by w. 


w. by N. 


NKE. 


B S B. 


8 s w. 


W N W. 


N B. by N. 


s B. by B. 


s w. by 8. 


N w. by w. 


KE. 


S E. 


s w. 


N. W. 


N B. by B. 


s E. by 8. 


s w. by w. 


N "W. by N. 


BKB. 


8 S E. 


ws w. 


NN W. 


B.by N. 


sby E, 


w. by 8. 


"^^Vj^-^. 



,An ennmeration oftheBe snccessive pomV» îtotcl tc^^t^otct^ '"v^ 
y/rbat sadlora c&U 'Boxing the compaBB.^ 
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144 More minute divisions of the compass cârd are eşti- 
mated bj wliat are called half and quarter points, each poinii 
being diyided or snpposed to be divided into fonr equal 
parts, SC that anj small angular qnantity between eîther of 
the thîrty-two divisions or points just enmnerated, as far 
example between K. and n. bj E., would be termed north a 
qaarter east, or north half east, or three-quart'ers east, as the 
case maj be : we then arrive at north hj east, and so of all 
the other points. Thns north by west, a little to the north 
or west, would be called north by west a qnarter or half, Ac. 
north, or a quarter or half, &c, west, as the case may be. 

145. For more refined purposes, the compass is endosed 
by a graduated circle divided into 360 degrees in the 
usual way, by which the rhumbs are estimated in angular 
quantities, each rhumb or point, as is evident, being the 

^nd part of 360^ or ^= 11° 15' : a half point will be then 

5*» 37' 30"; a quarter point 2*» 48' 45". 

146. When the compass cârd is fixed to the box or case 
in which it is enclosed, and th^ needle allowed to traverse 
over it, we have what is usually termed a Icmd cmnjpass : it 
is commonly used by travellers for determining ih.e different 
points of the horizon, the box being tumed so aa to bring 
the north and sonth points of. the cârd immediately nnder 
the north and sonth poles of the needle (17), In this case 
all the other points, as referred to the magnetic meridian 
of the particular localiiy, are correctly placed. The land 
compass is also occasionally employed in the measurement 
of angles in surveying instruments. It may be, for general 
purposes, of any moderate size &om that of a common seal 
np to a diameter of a foot. The land compass has usually 
a spring stop under the needle, by which it may be thrown 
np and retained clear of the point when not in nse. 

147. The Sea Govwpasa, — Since a fixed compass cârd, as 
applied in the land compass, could not possibly be nsed on 
fihip-board for determining the position of the cardinal points 
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Fig. 96. 



in reference to tho magnetic meridian, because the vessel is 
continually varying its position, and is in continual motion^ 
it becomes requisite to constmct the compass cârd of aome; 
light substance not liable to warp or damage from beat and 
moisture, and attacb it to tbe needle itself, so as to admit of 
botb cârd and needle traversing together. If tbe needle be 
£xed to tbe cârd witb tbe nortb and sontb poles immedi- 
^telj nnder tbe nortb and sontb points of tbe compass, tben, 
as is evident, all tbe points of tbe cârd will be correctlj 
placed in reference to tbe magnetic meridian of tbe place, 
in wbatever direction tbe vessel be tnrned, tbat is to saj,> 
snpposing tbat no distnrbing inflaence from iron or otber 
canses exist in tbe sbip itself. 

Tbis is, tberefore, tbe principal distinction between tbe 
land and sea compass : tbe sea compass, or mariner's com- 
pass, is represented 
in tbe annexed fig. 
96, in wbicb s w N e 
is tbe magnetic 
needle witb its cârd 
accuratelj poised on 
a fine central point 
witbina bowl or case, 
A, of glass, metal, or 
wood ; and in order to 
prevent any disturb- 
ance from tbe pitcbing and roUing of tbe sbip tbis bowl is 
set witbin ^ ring of m^tal, cad, npon two axial pivots, 
wbicb project from its opposite sides like tbe trunnions of 
a cannon : one of tbese is seen near a. Tbe ring, in its 
tnm, is set also npon axial pivots at c and n, in a line at 
TÎgbt angles to tbe former, and wbicb are eitber snpported 
witbin a second semicircular or vertical ringj c b d, or on 
pivot notcbes in two brass plates fiixed at c and d to tbe 
box or case in wbicb tbe wbole is nsually enclosed, and 
wbicb, on sbip*board, bas received tbe name of tbe hiimacle. 
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The centre of gravity of tlie mass is freqnently kept fiu? 
below these axial pivots of snspensîon bj a ring, or small 
masa of lead, attached to the bottom of tlie compass bowl. 
The two brass circles, within which the cx)mpass bowl is 
ihns snpported, are ealled gimbaîds ; and it is clear that^ by 
ihese, the cârd and needle wîU generally be preserved in a 
plane perpendicular to that of the poîat of snspension. In 
£Etct, any rolling motion transverse to the axis o J> moyes 
the ring cad npon the axis c d ; and anj similar motion 
transverse to the axis A moves the ring cad npon the inner 
axis A — ^the interior bowl, with the needle and cârd, being 
all the while maintained in a vertical position by the force 
of gravity. This form of the compass, althongh employed 
for the most part to gnide the mariner across a tracldess 
ocean, has still many other important practicai applications, 
which will be noticed in their place. 

148. The Azimuth Gomjpass. — With a view to a complete 
apprehension of the nature and object of this kind of com- 
pass, we should nnderstand that a great cîrcle of the sphere, 
snpposed to pass through the zenith or point immediately 
over our head, and cutting the horizon circle aronnd ns- in 
any two points, is termed an azvmuth circle^ and the distance 
of the points in the horizon which they intersect, as mea- 
sared from the true meridian of the place by an arc of the 
horizon, has been termed the azimuth distance of these 
points : snch is, in fact, the direct meaning of the term azî- 
muth, which is a pure Arabic word, signifying the distance 
between the meridian of a place and a vertical circle pass- 
îng throngh the zenith, as referred to an arc of the horizon. 
That is termed the true azimuth. If we substitute the line 
of the magnetic meridian for the line of the true meridian, 
we have the Tnagneiic azvmuth of the points of intersection. 
If, therefore, we can determine the true and magnetic azi- 
inuths of any given points in the sphere about us, referred 
to an arc of the horizon, we may thence deduce the precise 
direction of the compass needle in respect of the true meri- 
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dian of tlie place of observatîon. Now the true azimuth of 
any given point in tbe horîzon is determinable hj ordinary 
astronomical observation, and it îs the objectof tbe azimnth 
compass to find tbe magnetic azimutb. 

149. Tbe azimutb compass is represented in fig. 97, and 
consists, in its latest and most improved form, of tbe sea 
compass just described, baying two sigbt-yanes, d e, affixed 
to it, and in sncb way tbat tbe line of sigbt may pass im- 
mediately over tbe centre of tbe cârd c. Tbe points of tbe 
compass depicted on tbe card are few, and for tbe most 
part ornamental, but tbe circumference or outer ring of tbe 
card is very careftdly divîded into degrees and quarter parts, 
or 15' of a de- 
gree. Immedi- 
atelj in tbe line 
of tbe sigbt-slit 
atDisasmalltri- 
angnlar prism 
2>, itfl lower face 
beingformedin- 
to a lens, so as 
togiveitasbort 
focal distance. 
Tbis prism is 
placed immedi- 
ately over tbe 
divided circle 
of tbe compass 

card so tbat tbe eye at D sees tbe divisions magnified and 
reflected in tbe prism ; but since by tbe reflection tbe figures 
on tbe graduated circle become reversed, tbey are, to meet 
ibis condition, engraved on tbe caa'd in a reverted position, 
so tbat tbe eye sees tbem in tbeir true position. Tbe oppo- 
fiite sigbt- vane e bas a fine bair, a 6, passing centrally and 
vertically tbrougb it, by wbicb tbe line of sigbt, des, 
directed to any object, s, is caused to pass over tbe centre 

H 3 
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c of the card. The whole is rnounted in gîmbalds, as in the 
ordinary sea compass, the outer gimbald or ring being 
moyeable on a central pivot b, so that the compass with its 
sights may be tumed into any azimnth (148) • There ia 
also a plane mirror e, moyeable on a hinge at the back of 
the sight E, which may be placed at any angle reqnired to 
reflect the image of any of the celestial bodies to the eye at 
D. There are also coloured glasses on hinges affixed to the 
sight-vane D, but not given in the figure, for screening off 
the light of the son, or other object, when offensive io 
the eye. 

150. AjppUcation of the Azvmuih Comjpass. — ^This instru- 
ment is applied in the foUoYiring way : the prism jp being 
carefolly adjusted by small screws attached to it for that 
purpose, so as to obtain a distinct yision of the degrees of 
the divided card, the observer looks over the edge of the 
prism throngh the sight-line at D and throngh the vane s^ 
at some celestial object, s, snch as the sun or a star, whea 
either in the horizon or above it, tuming the instrument 
until the vertical hair a h, in the vane e, exactly bisects 
the object. At this instant he catches the reading of the 
«ard reflected to the eye by the prism jp ; in i%ict^ he seefi 
both at the same instant, taking care to note the degreos 
when the card is steady, at which moment he arreste it 
mechanically by a small spring-stop fixed in the instrument 
for that purpose, so as to read off the degrees corresponding 
to the line of sight des with greater precision. Now it is 
evident that the arc of the card intercepted between the 
magnetic meridian or line p c d of the needle at<;ached to 
it, and the line of sight d e s, is the magnetic azimuth dis^ 
tance of the object s, referred to the horizon (148) ; we 
may, in &;ct, conceive the horizontal cîrcle to be only ihe 
limit of the plane of the compass card, and the object s to 
be brought down to the horizontal circle by a great cirde 
of the sphere passing through the zenith and the object s, 
.and intersecting the horizon in a given point ; the distanoe 
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of whicli, from the point of intersectîon of tlio magneţi^ 
meridian, is measured by the arc contained betweon them|' 
and which is given in degrees of the compass cârd : this ia 
what sailors caii ' taking an azimuth or bearing bj compass.' 
Having fonnd the magnetic azimuth, we deduct it £rom the 
trae azimuth of the body s, determinable by astronomica! 
calcolation, supposing the azimuth distance to be reckoned 
in each case both from the north, or both £rom the south ; 
and the difference is the angular quantity by which the line 
of the magnetic needle diSers from the true meridian of the 
place, and the declination will be either east or west, ac- 
cording as the true azimuth falls on the right or lefb of the 
magnetic. The best time for an observation is when ihQ 
object is in or near the horizon. J£ the sun be observed, 
the observation should be taken when the lower limb ia 
just above the horizon, for the centre is then nearly in ^e 
horizon, but is seen above it on account of the refraction of 
the atmosphere. 

We are indebted to CHlbert for the more correct and 
complete method of the piism, which may be considered as 
a great boon to nauticei science. 

The common azimuth compass is merely ^mished with 
two common sights attached to it. Mr. M'Culloch greatly 
improvdd this form of the instrument by perfecting the 
Application of the sights, and using a lens and yemier to 
read off the divisions of the cârd. 

When, instead of measuring the distance of a celesiial 
object as referred tp the horizon from the true or the magnetic 
north and south points, we measure it from the true or the 
magnetic east and west points of the horizon, then that 
distance is termed the ttiie or the magnetic a/m/plUude of the 
object, as the case may be. As this measurement is fre- 
•quently resorted to, the azimuth compass has been also 
occasionally termed an wnvplUude comjpass. Either method, 
as is evident, may be employed for determinîng the differ- 
^nce in the direction of the magnetic and true meridians of 
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any given place, the real amplîtnde being foimd, as before, 
hj aatronoimcal calcolatiaii, tbe magnetic amplitnde 1>7 tlie 



151. In the variotiB applications of the compass, botii on 
ahore and at aea, it is of great importance io maiutain the 
needle in as parfect a etate of qnietade as possible, aud that 
^thoat damaging the sensibility of the inatniineiit. In 
the compass aa improred hy the aaLhor of thîs work, ao 
long since as the year 1832, the needle is snrroimded ^3y i 
dense ring of copper, which, together 'with some othor 
recent orrangementB in the preparation and monnting of 
the needle and cârd, is ao eSectire, that the nsoal incon-> 
Tenient oscillations, especiallf at sea, are alb^ther avoided. 
This instroment will be more particnlarly described in our 
ohapter on the mariner't compass. 

152. The Dvpping Needle. — We have already aeen (21). 
that the natural position of the magnetic needle, when free 

to move inio ftny poeitioii, îs 
not always horizontal, bnt îs a 
combination of a horîzontat 
and vertical directjon, ao thab 
the needle commonljr endea- 
Tonra to place itself in the 
plane of the m^netic me- 
ridian, in a direction more or^ 
j, lesa inotmed to the horizon, 
The magneticalinatroment by 
-which the amonnt of this in- 
B clination is determined has 
been tormed the dippîng 
needle, and is represented in 
fig. 98. 

N B repreaents a light mi^- 
netio bar or needle of a long 
" lozenge ibrm, abont 10 inches 

în length, which, previously to being rendered magnetio, is 
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set on a short axis mn^ and is very accurat^ly poised abont 
îts centre of graviiy, tHrougli wliicK the axis is passed, so 
as to be qnite indifferent as to position (21). The axis 
^mnia tnmed down at its extremities to very fine cylin- 
•drical piyots ; tliese rest on two finelj-polislied agate planes 
mn, supported on two cross bars A d of a ligbt rectangular 
frame a d b e. The platform or cross-piece, E b, of this 
frame is solid, and fixed to a circiilar plate beneath, accu- 
rately ground to a similar plate fixed on a vertical pillar c, 
so that by ineans of a vertical axis which plays in a socket 
in the pillar c, the whole may be tumed evenly and centrally 
round into ajiy azimuth (148) . The cross-piece E B, which has 
a level s l fixed in it, gives support to a^finely divided circle 
A (Z Z, in the plane of which the bar n s]^oves : the axis m n 
is so placed as to pass accurately through the centre of this 
circle. The whole is mounted on the central pillar c, and 
can, as just observed, be tnmed into ahy reqnired a:dmnth 
about a snpposed vertical axis c d^ passing through the 
centre of the needle. The precise angular quantiiy through 
which the needle is tumed is measured by a contrivance 
câlled Q,vernier, v, attached to the under part of the platform 
E B, and a graduated azimuth circle t n y, fixed to the cen- 
tral pillar ^f support ; the whole is placed on a light firm 
base, ^miâKed with thr^e levelHng screws, for the requisite 
levelHng of the instrument. The vertical circle kdl is 
divided upon silver to 10' of a degree. The agate pieces 
mn are adjustable to the same horizontal plane by screws 
bearingupon their lower edges, and theSre is a light interior 
&ame acted on by a lever at d, fiimished with y-pieces at 
m n, and moveable on an axis at one extremiţy, A, by which 
the axis of the needle s n may be lifted off the agate planes 
on n, and be again let down on them without disturbing its 
final position. The whole is covered by a light case of 
wood and glass resting on the platform-piece e b, but not 
represented in the figure, so as to shield the needle £rom 
ihe alr; and there are also two moveable arms attached to 
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« hoTÎzontal bar connected wîth the case, whîcli oarry 
lenses for reading off the degrees of the divided circle s. 

The instrument here descrîbed îs after the constmctioii 
of M. Gfambey, of Paris, who is celebrated for the accuracy 
and beauiy of snch instmments. There are other forms g£ 
constmction of the dipping needle adopted in this comitzyy 
also worthy of attention, but they involve precisely the 
same principles. The dipping needle of Messrs. W. and T. 
Oilbert is amongst these, and is a very perfect instrument. 
In every krad of dipping needle, however, upon these prin- 
ciples, the mechanical difficuliy of a perfect construction is 
immense, since for absolute perfection we require to adjust 
the centre of graviţy of the needle within the one-miUionth 
of an inch of the truth ; how great^ therefore, must be the 
disturbance produced by inequalities in the bearing-points 
of the axis or other very small errors of construction ! 

153. In order to determine by this instrument the dip or 

inclination of the magnetic needle in any given spot, we 

place the instrument on a steady base, îree &om the presence 

of iron, and having accurately levelled it, proceed to adjust 

the graduated circle kdl in the magnetic meridian. This 

is effected either by removing the needle of indinatîon s n, 

«nd pladng a balanced horizontal needle, made ezpressly 

for the purpose, within the frame A m D n, or in any other 

situation adapted to it, or by tuming the instrument so as 

to bring the needle into a vertical position. It will be then 

at right angles to the magnetic meridian ; and we haye then 

only to turn it 90 degrees £rom this point, as shown on the 

azimuth circle t N v. Having determined the direction of 

the magnetic meridian, the plane of the circle k dlm finally 

secured in that direction by a small clamp-screw at c. 

We now remove the horizontal needle, if that be employed, 

and replace the needle of inclination s n, allowing it to 

vibrate freely. When it is at rest, we turn the milled head 

lever at d, and lifb the axis m n gently off the agate planes 

hj means of the y-pieces ; when again let down it will be 
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accnrately in the centre, and in the plane of the divided 
circle. Supposing we had an absolutely perfect instrument, 
the needle wonld now mark the precise angle of inclination 
at the place of observation ; bnt there are mechanical errors, 
as jnst observed, qnite inseparable from the construction 
of the instrument, which we can only hope to compensate 
by a mean of experiments. We therefore first take a few 
snccessive observations, and note the angle at which the 
needle rests after putting it into vibration. This should be 
repeated with the axis m n reversed in posttion on the 
agates. We then turn the face of the instrument 180°, as 
fihown by the circle t N v, that is completely round, and 
make a similar number of observations. We now remove 
the needle s n, and by the processes of magnetizing before 
given (91) (98), to reverse its poles, and take a similar 
series of observations ; so that we have then to take the 
mean of a given number of observations— say 10. 

First, with the face of the instnunent, suppose to the East, 
Second, ,, „ to the West. 

Thirdlj, with inTerted poies, face to the East. 

Fourthly, „ „ to the West. 

The nearer these observations accord, the more perfect is 
the instrument; but they will certaînly differ by some 
small quantiiy. If we add the whole together, however, 
and divide by the number of observations, the resulting 
qnotient will be very near the true inclination of the needle. 
ThuB, the inclination of the magnetic needle in the gardens 
of the Athenasum at Plymouth was found to be, in Novem- 
ber, 1831, by Gambey's instrument, 69° 27' 6". The ob- 
servations were taken by Captain Fitzroy, R.N., and the 
author, previously to the sailingof the Beagle on her second 
voyage. A similar result was obtained by means of Gilbert's 
dipping needle. 

154. It being almost impossible to construct an abso- 
lutely perfect instrument for deţermining the inclination of 
the magnetic needle at once and by a direct experiment^ 
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other indirect methods haye been proposed, by wbich tlie 
errors inseparable &om tbe diffîculty of construction are 
souglit to be avoîded. One of these consists in obserTing 
the angular deviation of the needle from tbe vertical posi- 
tion taken in a series of planes at right angles to eacb 
other, by tuming the instrument round on its vertical aads. 
If we take tbe squares of the tangents of the observed 
angles of deflection from the vertical rn each pair of planes, 
and deduce a mean &om these resxdts, we obtain the square 
of the tangent of an angle, which, if added to the true 
angle of inclination, would complete a right angle or 90% 
bence called the conijplement of the dijp ; horn, this it is 
e^rident that the true angle of inclination can readily be 
found by the ordinary Mathematical Tables.* 

155. Another method of observation consists in observing 

* In the annexed fig. 99, let c be the centre or axis of the needle, 
c p the true poeition of inclination from the horizontal line c H in the 
plane of the magnetic meridian m h. Then iu tnming ronnd the instru- 
ment, it is found that when the face îb a.t cm, or at right angles to the 
meridian, m m, the needle will be in a vertical position, c m, and will, in 



Fig. 99. 



tuming, take all intermediate posi- 
tions, describing a cone, mcvbma. 
Let mea and mcbhe the angles of 
deviation &om c h, as observed in 
two planes, mY,mt, at right angles 
to each other. Then in rîght-angled 
triangle, amb^we have, Euclid 47> 
Book I. (m af + {m by = (a bf 
= im p)*, since a b and m f are dia- 
meters of the same cirde, mar b; 
but by the elements of trigonometry, 
m a and m b are the tangents of the 
observed angles, m c ârand mabiwe 
may hence obtain from the squares 
of these tangents the square of m p, which is in like manner the tangent 
of the angle m c p ; that is to say, of the complement of the angle p c h, 
or true inclination below the horizontal line c h. From this the angle 
of inclination, p c h, or true dip, may, as is evident, be deduced by the 
ordinary Trigonometricei Tables. 
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the time of a given nnmber of vibrations of the needle in 

the plane of tlie meridian, and in a plane east and west, or at 

Tight angles to tliis ; that is to say, in the inclined and vertical 

positions of the needle. We then divide the square of the 

tîmes, say of 100 vibrations in the plane of the meridian, 

by the sqnare of the time of the same nnmber when the 

needle is vertical in an east and west plane ; the qudtient 

îs the sine of the tme angle of inclination, from which the 

angle itself is easily fonnd. 

This method principally applies to places in which the 

dip îs not very considerable. When the inclination îs con- 

siderable the foUowing method has been resorted to: first 

observe the time of a given mimber of vibrations in the 

plane of the meridian, as before ; then snspend the needle 

by a silk fibre, branching and extending below a little on 

'each side the centre, so as to produce a perfectly horizontal 

position. Let the needle now vibrate freely in a horizontal 

plane. Divide the sqnare of the time of a given nnmber of 

vibrations in the inclined position by the sqnare of the time 

of the same nnmber in the horizontal position, and we then 

have the cosine of the tme inclination or dip, from which 

the angle îtself is easily fonnd by the ordinary Tables.* 

* These processes are founded on the resolutîon of the force causing 
the needle to vibrate. When oscillating in îts natural or mclined posi- 
tion, it oscillates by the action of the whole directive power ; but when 
oscillating in a vertical or horizontal position, onlj a portion of the 
whole directive power comes into play. Completing the trigonometrical 
construction of the forces according to the method given, fig. 89, p. 138, 
the force in the vertical position becomes finallj represented bj the sine 
of the angle of inclination, and in the horizontal position by the cosine 
— calling the whole, or total force, unity or 1. JJet, therefore, d express 
the dip or angle of inclination, t and t the times of a given number of 
oscillations in the inclined and vertical positions of the dipping needle ; 
then, as the forces are inversely proporţional to the squares of the times 
of vibration (139), we have — 

1 : sin. (?: : T*: ^; 
that is to say, 

• ^ i^ 
sin. a ss ~-, 
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As it is of importance in thîs experiment to obtain a tme 
horizontal direction, we cannot be too careful in oompleting 
ihe position of snspension. The following is a simple and 
resAj method of observing wbether the needle be sas- 
pended horizontally. Fiii an open vessel of any Idnd. 
witli water, which sbonld be tinted with a little Gommon 
blue ; bold tbe needle by the snspension thread over tha 
water, so as to observe the refiected image of the needle r 
if the two lines of the needle and its image be parallel». 
then it is evident, from the natnre of the experiment, that 
the needle is perfectly horizontal ; if not, we must adjnst 
the branch of snspension until this resnlt be obtained.* 

156. Mayer^s Dvpjpmg Needle, — ^With a view of avoiding 
the errors incidental to the dipping needle as usnally con- 
stmcted, Mayer employed a needle having a projecting 
Steel screw, very accnrately centered, on which a small 
brass ball was made to traverse, so as to deflect the needle 
^om the tme inelination by any given qnantity. In this 
case, as is evident, we never get the correct dip in any one 
observation, the position of the needle being partly due to 
gravity : by reversing the instrument, however, as in the 
preceding experiments (153), the effect of gravity becomes 
separated &om the magnetic force, and thus the true dip is 
ascertained. 

157. AU these indirect methods of observation, although 
extremely worthy of consideration, are still open to many 

Taking the oscillations in the inclined and horizontal positions, we 

have, in substitating cos. d for sin. d^ 

fi 
cos. d s» -- . 

* This method of obtaining a horizontal line was first proposed by 
the author in 1832, and will be found in his paper on the Horizontal 
Needle, in the 13th voi. of the Edin. Phil, Transactions, Part I. Plate 
II. It is extremely simple and perfect, and has been since practised in 
the Magnetic Observatory at Oreenwich, and in other observatories. 
Tâe erroT of izorizontality by reflection being double the real error, it is 
veiy easjr to detect the least deviation from t\ie \iorttoiiVa\.^oft\\Âo\i. 
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sonrces of error inseparable &om such investigatioiis, and 
it is very doubifol after all, whether, by a well-constnicted 
instmment sucii as we have described, fig. 98, we may 
not, by a series of reversed observations (153), obtain 
as near an approximatîon to the truth as is likely to be 
arrived at. 

Sabine, in 1821, determined the inclination of ihe 

needle in London, by the two methods of oscillation, and 

by Mayer's needle, and arrived at the three foUowing 

resnlts : 

Mayei's needle, 70<^ 2'-9. Methods of oscillation, 70° 4' and 70° 2'-6. 

Barlow, a few years snbseqnently, by Gilbert's dipping 
needle, obtained the foUowing : 

69° 58'-4. 70° O'. 69° 63'. 70° l'-8. 

By the latter observations with Gilbert's needle, there 
appears to be an uncertainiy or difference in the action of 
the needle, of abont 9', which, considering the natare of 
the force acting on it, is inconsiderable. If we snppose the 
needle within 9' of its true position, then the force acting 
on it, being as the sine of the inclination, will be to the 
force acting on it at 90^, or at right angles from its tme 
position, as radius to the sine of 9', or as 1 : 0026. Now 
this is so small a result^ that the least defect in the 
baJancing, or in the axis of motion, or any minute rough- 
ness in the agate planes, or the interposition of dust, or 
other accidental causes of disturbance, would be suffîcient 
to arrest the needle in such a position. 

168. The axis of the dipping needle by Michell, made by 
Naime, for the Board of Longitude, in 1772, rested on fric- 
tion-wheels, four inches in diameter ; the extremities of the 
axis being of gold, alloyed with copper, and tumed down 
to fine pivots. The needle in this instrument was a foot 
în length. The principie of agate planes was adopted by 
Cavendish, in the dipping needle made for the B^^^ ^^ 
fâety, în 1776. 
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The most refined method of monntiiig the dipping 
needle ia iinqiiestîoiiably the method of Mction-wheels. 
Two main wheels only should be employed for the ertre- 
mitîes of the axis to roii on ; these should be about two 
inches in diameter, monnted on fine pivots, set in jewels, and 
with a flat polished circnmference. To prevent the axis of 
the dipping needle from. slipping to either side, similar bnt 
smaller check- wheels should be employed, as represented 
in fig. 81, page 126 : this is, incomparably, the best method 
of obtaining great freedom of motion. 

159. Bvpjping Needle Beflector, — We must not dose this 
branch of our subject without noticing a most yalnable and 
îngenious instrument, by Mr. R. W. Fox, of Falmouth, and 
termed by him a dvppmg needle deflector. In this instru- 
ment the needle, being accurately poised, is mounted on an 
axis, and placed within a cylindrical case, faced with glass, 
similar to a watch-case. The needle is about seven inches 
in length, and the pivots of the axis turn in jewels ; and 
there is a finely divided circle, with a vemier, for esti- 
mating the inclinafcion of the needle. The whole is set 
vertieally on a firm tripod base, with levelling screws, 
and admits of being tumed into any azimuth. A small 
telescope, moveable in a vertical plane, and fdmished with 
cross wires, is attached to the back of the case, to which is 
added a brass tube with a lens, for throwing a bright spot 
of light upon a white plate behind it. For solar observa- 
tions there are also two small tubes of brass, which may 
be applied to the telescope tube, for receiving two cylin- 
drical magnets, and which are so arranged as to admit 
of being tumed into certaan positions for deflecting the 
needle. The back of the case has also a divided circle on 
it, with a vemier carried by an arm at right angles to the 
"telescope. 

In measuring the angle of the dip by this instrument, 
we carry out a series of common observations, in the way 
4Bdready described (153). The observed dip is to be cor- 
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rected hy screwing on one of the deflectors at riglit angle» 
to the telescope tube, so as to deflect that end of tlie 
needle nearest to it. The deflector is now tumed a given 
mmiber of degrees from the observed dip, so as to deflect 
the needle by a certain amonnt, and then a similar number 
of degrees in the reverse way, so as to deflect the needle 
in the opposite direction ; then, supposing the needle, in 
these two cases, to stand first at 52°, and secondly, at 
87° 10', the mean of these would be 69° 36', the angular 
qnantity songht. 

Onr limits do not admit of a more detailed notice of 
this beantiful instrument, which is not only a dipping 
needle, but is also available for a great variety of impor» 
tant magnetic researches, and has been successfally and 
extensively employed. A particular account of it, however, 
will be found in the Reports of the Royal Polytechnic 
Society of Cornwall. 

160. The following are the most celebrated of the instru» 
ments hitherto employed for determining the dip of the 
magnetic needle : — Michell's dipping needle, described in 
the Philosophical Transactions, in 1772; Cavendish, in 
1776 ; dipping needle by Dr. Lorimer, to be used at sea, 
în 1776; dipping needle by Daniel Bemouilli; dipping 
needle by Mayer of Gottingen, in 1814 ; dipping needle by 
Messrs. W. and T. GUbert ; dipping needle by Ghmbey, of 
Paris, 1830; Professor Lloyd's instrument for observing 
the dip (Memoirs of Eoyal Irish Academy, 1836) ; Fox'b 
dipping needle deflector. 

INSTRUMENTS FOR DETERMININa THE DECLINATION, AND FOR 
MEASURING CERTAIN SMALL PERIODICAL CHANGES IN THE 
HORIZONTAL AND INCLINED NEEDLBS. 

161. The deolination and inolination of the magnetic 
needle not being, as just observed, everywhere the same, 
and being, further, found liable to certain small fluctnations 
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of a secular charaoter, ît becomes a matter of great scîentifie 
imporfcance to ascertain the amoimt and nature of sncb 
clianges ; and with this view certain înstmments haye been 
invented, whicli remain now to be briefly described. 

The mere fact of the declinatîon of the horîzontal needle, 
together with an approximative valne of the angular difFer- 
ence with the true meridian, may be arrived at by two veiy 
simple methods. If the observation be made on shore, it 
"will be sufficient to draw a line, in the direction of the true 
meridian, upon some firm plane base, such as a block of 
marble or wood. The direction of this line may be ascer- 
tained by means of a linear shadow, thrown, when the sun 
is in the meridian, from a plumb-line, or a slender needle 
set upright on the plane, and which may be sufficiently well 
determined by watching the shadow, and taking it at the 
least length; or by any other simple astronomical obser- 
vatien. Having determined, and carefully laid down, this 
line of the true meridian, we place a delicate compass, with 
a graduated cârd (142), immediately on it, bringing the 
north or south points of the cârd coincident with the true 
meridian line. If the cârd be well graduated, the needle 
will show, to a fraction of a degree, its deviation either east 
or west of the meridian. If a fine compass be not at hand, 
wo may employ a simple magnetic needle, centered on the 
line of the meridian, and shielded from the air. Having 
marked its line of direction, proceed to measure the angle 
of this direction with the meridian by a common protractor 
or other mathematical instrument. The magnetometer of 
oscillation, accurately centered on the true meridian, may 
be advantageously employed in this observation. 

A second similar method — ^and which, with a little care, is 
available at sea — consists in suspending a plumb-line, when 
' the sun is in the meridian, over the common sea compass^ 
and in such way as to cause the shadow to fall directly 
across its centre ; then the rhumb, or point, on which the 
shadow falls, is the declination or variation of the needle» 
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îf the compass cârd have a divided circle about it, the 
observation is, of course, more exact ; but we may alway& 
determine it within a quarter point. The exact moment at 
wbicli tbe observation sbould be made, is when the shadow 
is the shortest, or when a good time-keeper is at the hottr 
of the meridian. 

Snch methods, althongh very practicable and simple, for 
common purposes, are still not sufl&ciently refined, when we 
reqnire to observe the declination of the magnetic needle, sa 
as to involve angular quantities of small amonnt. In this 
case we mnst have recourse to magnetical instruments, con. 
structed for this particular purpose — such as the azimuth 
compass, already described. For the pnrpose of detecting 
and registering extremely small secular changes in the 
direction of the needle, we require magnetical instruments 
of the most delicate and refined description ; these are prin» 
cipally the following : 

162. The Variation Coinpass. — The most perfect of thi» 
class of instrument is that employed by the late Colonel 
Beaufoy, for the capital series of observations recorded by 
him in the * Annals of Philosophy,' between the years 181 S 
•and 1821. It is partially represented in ^g. 100. 

In this compass the needle s nisa, slender and pointed 
cylinder, 10 inches long, and only the -y^th of an inch în 
diameter. This needle is placed within a narrow cyiîndrical 
case or box sen, the base of which is a brass plate moveaMe 
apon a central pin c, under the point of suspension of the 
needle. This plate has two segments of a circle, one under 
the needle at each extremity, upon which is drawn a central 
or axial line, and at the extremity d of the box îs a vemier 
and index, pointing to the divisions of a finely divided arc 
a h, âttached to a large plate of brass, p p, beneath it, and 
moveable also on the central pin at c. The plate o d, car» 
rying the vemier, has a frame ftimished with a clamp screTT 
and a tangent screw, one to fix it to the arc a h, the other 
to give it a bIow motion about the cimtre c. The lower 
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plate PF BnetaiiiB a tranait teiescope x inunediately over 
the centre of the needle. The trltole ia placeâ ou a finn 

mahogauy h&ae uot shown in the fignre ; tbis rests ou three 




levelling florewB, and there is aiso a microsoope plaoed orer 
one eztremity, g, of the needle, by which îts coinciâencQ 
-with the axiat line ou tlie segment beneath is minutelj ob- 
served. It being onr object to convey a simple idea of the 
principie of thia instroment, aeveral minor detaila bare been 
omittod, both in the fignre and tlte deecription, for the Bake 
of perHpicnîtŢy. 

In order to observe &om time to time the smallrat rariiu 
tion in the dîrection of the needle with this instrument, it 
ia first accnrately lovelled, and the vemier d set at zero of 
the arc. The teiescope t, witli an additional object-glasB, 
is then direcied to the axial marks nnder the extremitdes 
s n of the needle, by which ne ascertain them to be în €be 
plane of the motion of the teiescope ; if not^ the telesoope 
can be rectified so that they shall be. We now a^'nst the 
ieleseope în tbe ime meridian by the nsoal transit of the 
stara acroşa it ; aa adjn8tingBCte'WBiC^go&^ba\iEaB&'^^niuQ 
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p p, carryîng the telescope and fixed to the base beneatb, 
but not shown in the figure, being nsed to turn the whole 
about the centre C when requisite. If the instrument is to 
be a fixture, distant marks are set up to fix the direction of 
that line. We now allow the needle to settle quietly, and 
then turn the box son until the needlo corresponds with 
the axial line or the segments beneath ; the clamp screw, in 
the fi^me at d, is then fixed, and we proceed to give the com- 
pass box a slow motion by means of the side or tangent screw, 
until an exact coincidence, as seen through the microscope, 
is obtained : the vemier at D now shows the precise varia- 
tion of the line of the needle from the true ni.eridian.* 

163. Barlow^s Variation Needle, — The small amount of 
variation in the direction of the magnetic needle observable 
by such instruments as the variation compass may be con- 
siderably magnified by a most ingenious process proposed 
in the year 1823, by Professor Barlow, of Woolwich. It 
occurred to this distinguished philosopher, that if a deli- 
cately suspended needle were placed under the influence of 
magnetic bars, so as to deflect it from the meridian, even so 
as to render it indifferent as to directive position, then the 
changes in the directive force operating on it, whatever it 
be, would become extremely sensible, and distinctly marked 
by changes in the position of the needle. Suppose, for ex- 
ample, by the appHcation of a magnetic bar, as represented in 
figs. 88, 90, the needle were deflected so as to stand 8 points 
from its natural direction, it would then be observed to vary 
through more than 3 degrees in the course of 24 hours. 

In this kind of experiment the needle of observation may 
be brought, by means of magnets properly disposed, into 
any required position. We may, for example, deflect it 
eastward or westward of its meridian, or even reverse its 
position altogether. We shall have occasion to refer to the 
results of this method of observation hereafber. 

* Por a particular description of this inatrumeD^., îb^^ * KwwaX^ ^1 
PhilosopA/, ' August 1 81 3. 

1 
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Fig. 101. 




164. The Declination Magnet. — This instrunieiit consista of 
a delicately suspended magnetic bar n s, fig. 101, about 2 feet 

in length, 1^ inch 
wide, and \ of an 
inch thick. This 
bar is fumished 
with two sliders of 
brass, a 6, one of 
which, a, carries a 
lens, the other, 5, 
a compound plane 
glass, consisting of 
two plane glasses 
brought close to- 
gether,and having 
between them a 
cross of cobwebs adjnsted to the focus of the lens. The 
suspension thread consists of several fibres of nnspnn silk, 
and deprived of all torsion. The bar is rendered perfectiy 
horizontal, and the whole is enclosed in an appropriate 
circular case to shield it from the air. 

The declination of the magnet is observed with this in- 
strument by means of a theodolite and telescope placed 
firmly at the distance of 8 feet, and directed in the axis of 
the bar, in the line of sight n t, through the lens a, to the 
cross of cobwebs in the plane glass 6, and which moves as 
the magnet moves. We are thus enabled to record the 
apparent position of the magnet at an j instant with respect 
to the reading of the divided limb of the theodolite. Now 
the telescope of the theodolite can be tumed so as to ob- 
serve the stars as they pass over the true meridian, so that 
the difference in the reading of the theodolite, when directed 
to the true meridian, and when directed to the cross of 
cobwebs in the magnet, is the declination of the magnet, or 
ang]es of inclination of the magnetic and true meridians, at 
anjr particular time» 
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We are indebted to Professor Gauss, of GottiDgen, for 
this method of observation, hj which the most minute 
motions of a suspended bar are rendered sensible. In fact, 
a magnetic bar, thus suspended and observed, is seldom 
seen perfectly at rest, and is, moreover, found subject to 
certain periodical disturbances ; it becomes, therefore, re- 
quisite to watcb tbe magnified motions, and determine 
from these the mean position of the bar, as the cross passes 
through the field of view of the telescope. To get the 
mean position accurately, we require at least three readings 
of the magnetic osciUation; the interval between the first and 
last reading being equal to the time of a double oscillation. 

The declination magnet employed by Professor Lloyd in 
the Magnetic Observatory at Trinity College, Dublin, is 
only 15 inches in length ; the glass 6, fig. 101, carries a 
divided scale, the true meridian is determined by a regular 
transit telescope, and the theodolite of observation is placed 
in the meridian of the transit, in a point of the plane cut 
by the magnetic axis of the suspended bar. 

165. The Horizontal Force Magnet — The object of this 
magnetical instrument is to measure and determine certain 



Fig. 102. 
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small changes found to occur 
from time to time on the di- 
rective force of the horizontal 
needle. It consists of a mag- 
netic bar, N s, fig. 102, similar 
to the former, suspended by 
two parallel threads of unspun 
silk fibres, a h and c d; b, 
mirror, M, is attached to the 
centre of the bar, in which is 
reflected a divided scale fixed 
to a wall about 8 feet dis- 
tant from it. The method of 
observation with this instrument ia as foWo^R^. ^^>^^ 
SQspended har ia first constrained to take on e^u-aX» ^^a^L ^^"^^ 
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dîrection, or a direction at right angles to the magnetic 
meridian, or nearly so. This is eflTected by twisting the bifilar 
snspension in the way already described (132). The bar is 
conseqnently placed in eqtdlibrio by the reactive force of 
the suspension with the force tending to restore it to its ori- 
ginal position at any given instant, so that the least change 
în that force, whatever it be, isaccompanied by a slight move- 
ment of the actual direction of the bar. Now this moye- 
ment, however small, is discemible by means of a reading 
telescope directed towards the mirror, in -which the fixdd 
scale is reflected, different numbers of the scale being seen 
in the telescope, and the divisions estimated to the last 
degree of precision. By this instrument it is found that 
the magnet is drawn less towards the north at noon, and 
more towards evening. 

In the bifilar suspension, as applied to this instrument, 
the torsion-circle, by which the threads are tumed upon 
each other (132), is placed at a c, fig. 102, on the brass 
fîrame or stirrup carrying the bar and mirror, and the 
threads of suspension pass round grooved wheels, so as to 
admit of the distance between them being adjusted and 
varied if required. 

The horizontal force magnet, as employed by Professor 
Lloyd at Dublin, carries a light tube beneath the stirrup, 
in which is a lens and finely dividect scale, for directing the 
line of sight, as in the former instrument (164), forming 
what is termed a colUmator, 

166. With a view of restraining the oscillations of the 
horizontal and bifilar magnetometers, the magnets are now 
placed within the influence of thick bars of copper, by which 
they are surrounded, affcer the methbd first proposed and 
applied by the author to the purpose of arresting the oscil- 
lations of the compass as used as sea, and rendering the 
ueedle steady under the motion of the ship (151). 
JâZ The Vertical Force JWTagnet. — This instrument is ap- 
plicahle to small changes in the force"by ^\i\<^ Vîti'&VQî^ajţKiXai. 
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needle tends to take np a position more or less inclined to 
the horizon. A mag- Fig. 103. 

netic bar, a h, fig. 103, i^ 

is mounted on a cen- U-»- =* 
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trai axis at c, reduced 
to knife edge, similar 
to the axis of a com- 
monbalance : this axis 

rests on plates of agate, based on the pillars mn of a. solid 
frame of brass. There are two screw-pieces, a 6, one at 
each end of the bar, by which any degree of inclination in 
a position of rest can be changed, or the centre of gravity 
of the whole raised or depressed. A mirror, M, is fixed 
centrally over the axis, in which is reflected a finely divided 
scale fixed to the stand of a telescope, directed towards the 
mirror, as with the preceding instruments, 

The instrument being properly adjnsted in the magnetic 
meridian, the observer sees, through a glass plate in the 
side of the box in which the magnet is enclosed, the divi- 
sions of the vertical scale fixed to the stand of the reading 
telescope, as reflected in the mirror ; as the magnet inclines 
more or less to the horizon, these divisions and numbers on 
the scale are observed to change, and thus the most minute 
variation of the force, which causes the magnet to incline, 
is finally deduced. It is, for example, found by this instru- 
ment, that at 2 a.m. the north pole is less drawn towards 
the horizon than at 4 p.m. 

168. The magnetical instruments last described, viz. the 
Declmation Magnet^ the Horizontal Force Magnet, and the 
Vertical Force Magnet, have been set up, in various parts of 
the world, in magnetic observatories peculiarly fitted for 
their reception ; as, for example, at Greenwich, in Canada, 
St. Helena, the Cape of Good Hope, and Van Diemen's 
Island. These have been established at the cost of the 
British Government. The Greenwich. ma^e^G cî»Q«fâr^^îw5îr3 
jJ3 under the direction of the AsironoiiiQT 'BUyj^X»^ \5cLQîeft ^si. 
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Canada, St. Helena, and the Cape, have been placed nnder 
the Ordnance Department ; and a staff of observers for them 
has becn selected from among the officers and non-commis- 
sioned officers of tbe Eoyal Artillery. The obseirvatoiy at 
Van Dieman's Island was entrusted to the care of officers of 
the Royal Navy. Other observatories have been established 
in other places ; as, for example, at Dublin, condncted at 
the expense of the University of Trinity College, nnder the 
Buperintendenoe of Professor Lloyd ; the Makerstown obser- 
vatory at Kelso, in Scotland, supported at the private cost 
of General Sir Thomas Makdongall Brisbane, Bart. ; the 
magnetic observatories at Madras, Singapore, Simla, and 
Trevandrum, at the expense of the East India Company ; 
at St. Petersbnrg, Catherinenbonrg, Bamaonl, Nertchinsk, 
Sitka and Tiflis, supported by the Russian Government, 
which has also fumished the Russian Mission at Pekin with 
magnetical instruments. There are, also, observatories at 
Paris, Gottingen, Milan, Munich, Prague, &c. ; and it is 
proposed, when a sufficient number of observations shall 
have been made (a work of considerable magnitnde and 
labour), to construct charts, showing the values of the 
decUnation, incUnation, and intensity of the magnetic ele- 
ments over the surface of the globe. 

169. In the construction of these observatories, the pre- 
sence of iron is entirely excluded, and the most elaborate 
care has been taken to perfect the observations. The posi- 
tion of the three instruments is such as not to influence 
each other' s motions, and it admits of the observer direct- 
ing bis reading telescope to either instrument withont 
changing his position. This is combined with a ready 
means of observing, by the ordinary astronomical methods, 
transits of the stars, and of determining the relative posi- 
tions of the lines of the true and magnetic meridisuis at any 
^ven moment : there is also a complete set of corrections 
for cbangea likelj to be effected m \;\i^ \i«jc^ from. heat. 
Index errora and other disturbmg Ga.u»fe^ \iaj^^ ^iî^sa» \««ţk 
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deduced, and tlras nothing is left unprovided for requisite 
to an accnrate result. 

Observations with these instrumenta bave been generally 
made every two bours, and tbe divisions of the respective 
scales, as reflected in the mirror of eacb instrument, duly 
noted: tbese readings are subsequently converted into 
measures of tbe cbanges in tbe declination or variation to 
minutes or seconds of a degree, and of tbe borizontal and 
vertical forces to tbousandtb parts of tbe wbole or total 
force operating on tbe bars. 

170. Tbese two-bourly observations bave been lately 
superseded in tbe observatory at Greenwicb by a sort of 
perpetuai registration of tbe instruments, by means of 
pbotograpby, and witb so mueb success, as to entitle Mr. 
Honalds and Mr. Brooke, tbe inventors of tbe process, to a 
reward of 6001., offered by tbe Government for tbe best 
means of saving a large and severe amount of personal 
labour. A general idea may be formed of tbis process by 
imagining tbat, instead of tbe scale of incbes being reflected 
from tbe mirrors, a narrow ray of ligbt from a lamp is re^ 
flected, and wbicb moves as tbe mirror moves, and tbat in 
tbis way a spot of bgbt is made to travel upon a screen 
fixed 80 as to receive it, and over wbicb it moves witbout 
tbe least frictian; — coneeive now tbat tbis spot of ligbt 
moves upon a screen of pbotograpbie or sensitive paper, 
enclosed witbin a dark and enclosed space ; and imagine 
the sensitive paper to be rolled round a cylinder, turning 
upon an borizontal aads once in twenty-four bours, tben 
tbe patb of tbe ligbt tbrown from the mirror upon the 
paper will be recorded from moment to moment by tbe dis- 
coloration of tbe paper in consecutive points. Finally, tbe 
impression is made permanent at tbe end of eacb twenty- 
four bours by removing the paper and applying tbe usual 
pbotograpbie means for tbat purpose. Tbe papers tbus 
preserved become perpetuai records oi t\v<B eoTi\m\i^^^^ăstv>a-- 
tjon of the forcea operating on the "barn. 



In thi2 Gn^n-^lca obeemuorŢy the regîstntkms of ihe 
l!;r'-- -'iiTL :Iie =irror -:l :he h«:rîzi>ntal force magnet (165) 
ci;rreîîŢ:«.::'i io -^ cirvie -;t rw«irr-foiir feet radins, and 
ex:cn<i :7er It» iziches of rhe pho««3ermpluc scale, so that 
a TTkriiLtLfiii oc' ^Le oce-choix:saaiith part of the horisontal 
f }n:e aotin^ -^zi ihe maeriet wilL căuşe a deriatioii of the 
Fptzr: of ILrb.: ciiroTişfa. ^.^ţ^ of aa inch on the paper; and 
izL che vertical force, ^'^fţ of an inch are estimated in a 
similar wiv. 

The muirnetSy Ian pe, and regîstering cjUnders are shut 
np în l:>r^ r^r«'in-.gn!ar cases of zinc, and the ordinary me* 
teijri:)Io<zi«"£Ll înstmnLentiâ are also registered in eonjnnction 
vdzh the masnets. 

We are indebted to Gauss, a celebrated Crerman astro- 
nomer and miJitheciacician, for the tirst commencement of 
reţrular maznetic obserratories fitted with instrnmentiB of 
this kind ; and althongh oor own conntiy cannot chdm any 
merit in originating snch observatories, she has nevertibe* 
less speedily folio wed ont the şvstem with a generonâi 
noble, and liberal ardonr, both at home and in her oolonieSy 
in every wav worthj* of the naţional science. 

171. We have now gone carefollj throngh the principal 
theoretical and practicai phenomena reqnisite to the pro- 
gress of fnrther investigation in this most interesting 
branch of natnral knowledge, and wiihont a fnll compre- 
hension of which the manj wonderfdl and important 
relations of magnetism to the sjstem of the world, and to 
the general porposes of mankind, cannot be either fnlly 
appreciated or understood. It will be our endeayonr in a 
succeeding Part to apply the knowledge we have thuB 
acquired to the elucidation of the several physical inqniries 
which the mysterious, subtle and universal agencj of mag- 
netism involves. 
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CHAPTER VI. 

LAWS OP MAGNETIC FOECB. 

Preliminary Observations — ^Experimenta of Hawksbee, Brook Taylor, and 
Whiston ; Musehenbroek's Experimenta — ^Experimenta and Obaerva- 
tiona by varioua Authora — ^Lambert'a celebrated Memoira — The Me- 
moira and Experimental Inveatigationa of Coulomb — ^Hanatein's 
Beaearchea — Theoretical and Experimental Inquiriea by the Author — 
BarloVa Deductiona and Experimenta on Iron Shella. 

172. The wonderful influence of magnetism as a physical 
agent would necessarily lead to an investigation of the laws 
by which its operations are regulated. The first and most 
obvious step in snch an inquiry would be the general law of 
change in the effective force of magnetism as the distance 
at which it acts is varied, or, in other words, to find accord- 
ing to what law two magnetic particles attract or repel each 
other magnetically as the distance between them is increased 
or decreased. 

But, before entering npon this question, it may'not be 
unimportant to the student to review briefly the numerical 
and mathematical elements essential to the progress of such 
an investigation. 

173. We have first -to observe — That when any two quan- 
tities are so linked together that one of them cannot bo 
changed in any degree without some relative change taking 
place in the other, then the one quantity is said to vary in 
some particular ratio of the other, either direcily or m- 
versely. 

Suppose, for example, the power of a magnet to increase 
when that peculiar condition of its molecules which we 
term magnetic becomes exalted^ or recipTOcaWy \)0 decTeasa 
when that condition becomes depresseăy t\ieTx ^<a iQ»Te,^\s» 

I 3 
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said to vary in some proportion of the magnetic intensity 
dlrectly. In this case, the two quantities both increase or 
decrease together. Again, the magnetic condition being 
the same, suppose the attracfcive force to increase, when 
the distance of its action is dlminished, or to decrease 
when that distance is mcreased. In this case, the force is 
said to vary in some proportion of the distance ; inversely, 
since one of the quantities increases as the other decreases ; 
or conversely, one decreases as the other increases. We 
may, however, as is evident, have a groat varieţy of dif- 
ferent relative proportions according to "which snch changes 
may ensue. It might be, for example, that when we 
doubled the exaltation of the magnetic condition, the- force 
of the magnet wonld be also doubled, or it might be quad- 
rupled, or increased in any other direct proportion, in 
which case the force would be said to vary, as the first, 
second, third, &c., powers of the magnetic intensity, as the 
case may be ; and this also applies to the several inverse 
ratios as it respeots the force and distance of its action.* 

* Not to leave anything connected with these inquiries unexplained, 
we venture to remark : — 

That the successive mulţi plication of any given number by itself con- 
stitutes what have been termed powers of that number. Take, for ex- 
ample, the number 4, and multiply it by 4 ; then we have, adopting the 
common arithmetical signs, 4 x 4 = 16. We have here two factors, pro- 
ducing 16 ; hence 16 is said to be the second power of 4, usually called 
the square of 4. 

In like manner, again multiplying by 4. we have 16 x 4 = 64, which, 
being the same as 4 x 4 x 4, gives three factors ; hence 64 is termed the 
third power of 4, commonly called the cube of 4 ; and so on. 

Such powers are represented by a small figure, called an index, 
placed at the head of the given number ; thus, we may write successive 
powers of 4 thus — 

4^ 4», 4*, 4*, 4«, &c. ; 

thereby showing that 4 is multiplied into itself 2, 8, 4, &c. times. We 

may observe here, that in taking the indexes in the reverse direction, 6, 

â, 4 3, 2, &c., we should fall back upon 1, and even upon zero or O, and 

hence arrire at 4' and at 4", that is, 4 Taised to \^e îvt?,\. ^«ti^t, and 4 

raised to the -poYfQV of nothing ; so that 4 taVen a.a ^ swv^^ isskfiîwyt tsi^'î 
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1 74. Taking th e inverse or recîprocal proportions as being 
in tlie present inquiry well adapted to farther explanatory 
illastration, we have to observe — First, that when the force 
decreases in precisely the same inverse proportion as the 
distanoes increase, or reciprocally ; that is to say, if at half 
the distanoe the force be twice as great, at one-third the 
distanee three times as great, and so on, then the force is 
said to vary in the inverse simple ratio, or first power, of the 
distanee, since we take the simple numbers, 1, 2, 3, &e. to re- 
present the inorease of the force. Supposing, towever, that 
at one-half the distanee the force becomes/cmr tvmes as great, 
at one-thirâ the distanee nine tvmes as great, and so on. In 
this case the force would be said to vary in the inverse dupli- 
cate ratio, or second power of the distanee, since, to repre- 
sent numerically the increase of the force, we mnst multiply 

be considered as the first power of 4. With respect to 4", or any other 
number whatever, raised to the power of O, its value is always unity or 
1, as is seen in any of the ordinary works of Algebra. Taking a to 
represent any number whatever, we have hence the foUowing series :— • 

a", a', a^ a*, a*, &e* 
When we again revert to the number from which any given power haa 
been obtained, we are said to extract the 2nd, 3rd, 4th, &c. root, as the 
case may be. Thus, the third root of 04 would be 4, since, as just re- 
marked, 4 x 4 x 4 =4' = 64 ; so likewise the second root of 16 would be 4, 
since we have 4x4 — 4^ = 16; and the second root has been called the 
square root, the third root the cube root. 

In like manner, we have the dth root of 32 « 2» since 2x2x2x2x2=» 
2» = 32. 

These roots are often represented by a fractional index, that is, by 
dividing the index of the power by the index of the root we wish to 
e^i^tract. Thus the square or 2nd root of 3 to the first power may be 

expressed thus, Z^ , the cube or 3rd root of 5 by 6*, the square root of 

the 6th power of 2 by 2^, and so on. In this sense we are said to raise 
the given number to the power of J, or J, or |, as the case may be. 
Commonly, such roots are represented by the index of the given root, 

placed within the sign >/ ; thus, for the cube root of 3, we write -5^3, for 
the 5th root of 2 ^2. In thus representing the square root of any 
given number, the small figure for the index \a (lOToavOT^'^ q»tsl\\Xr^\ 
tbu8^ for square root of 9, we write simply \/9. 
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tbe nvnibers 1, 2. 3, kc. înto themadveg, taldng Iheir aeooDă 
powers or sqiukresw In a sunDar mj, cases maj «rise in 
wnich tbe increase or decmse of the foioe îs sucii as to 
leqnire the thiid power or cnbes of tbe nnmbers 1, 2, S, 4, 
A«. to complete tbe propurtî on. Thisinnild ariaewben, ai 
balf the dîstance, the Ibrce bad increased 8 tinies, ai ^ the 
distanoe 27 times. and ao on. In tbis case the law of the 
force is said to be as the cnbes of the distances înYerseţf , 
or in the inverse triplicate ratio of the distances ; and thus 
we maj continne for anv other powers of the nnmbers 1, 2, 
3, Soc,, so as to express laws of force in the inverse ratio of 
the 4th, oth, 6th, or anv other powers of the distance, did 
snch foroes exist. 

A similar reasoning applies to forces increasiDg or de- 
creasing in any inverse proportion less than that of the mere 
distance, as in the case of a force becomîng donbled at ^ the 
distance, trebled at ^ the distance. In tbis case the force 
wonld be said to vary inverselj as the sqnare root« of the 
distance, since we mnst take the sqnare roots of the nnmbers, 
1, 4, 9, &c. to folfil the proportion. In tbis way we ex- 
press tbe law of force for any other roots of the distances, 
snch as a cube, or 3rd root, the 4th root, ăc. ; and since 
these roots aremathematicallj denoted bj fractional indexes, 
we may consider snch forces as being in the inverse ratio of 
the ^, ^, :J, &c. powers of the distances. 

175. We maj fartber extend tbis inqniry to cases of roots 
of tbe simple or other powers, snob, for example, as the 
Eqnare root of the cnbe of tbe distance, being, as expressed 
matbematicallj, the cube of tbe distance raised to the power 
of ^. An inverse proportion of tbis kind bas been termed 
* sesquiplicate,' and wonld apply to a case in whicb, by 
decreasing the distance to ^, ^, &c., tbe force becomes abont 
3 times and 5 times as great, or very nearly. In like manner, 
we may obtain forces varying in the inverse ratio of the 
nqaare roots of the 5th powers of tbe distances, termed, 
^sesgald aplicate,' and whicli appAiea \jq a c«ja^ \xv^\5Âs^^\y3 
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reducîng the distance to ^, ^, ^, &c., the force becomes 
increased between 5 and 6 times, and between 15 and 16 
times, and 32 times respectively. In this way almost any 
observed experimental results, demonstrative of any parti- 
cnlar law of force, may be matheiaatically represented. 

1 76. The particular inverse ratio comprised in a series of 
experimental numerical results of this kind maj be easily 
discovered by a slight inspection, since the forces multiplied 
by the simple or some other power of the corresponding 
distances should, in each particular case, give the same pro- 
duct. Thus, if at distance 12 the force were 8, at distance 
one-half or 6 the force became 16, we have in this case 
12 X 8=6 X 16=96, a simple inverse proportion ; but if at 
distance 12 the force were 8, and at distance 6 the force 
became 32, then to obtain a coincident product, we must 
take the second powers or squares of the numbers 12 
and 6, and we should then have 12^x8=6^x32, or 
144 X 8 = 36 X 32=1152. In the case of direct proportion, 
the products are differently circumstanced.* 

* A complete apprehension of these practicai researches and propop- 
tions being essential, the following numerical examples may not be alto- 
gether uncalled for : — 

Let the distances be taken in some unit of measure, saj tenths of an 
inch, and the corresponding forces in any other unit of measure, say 
degrees of an arc, as in the way described, sec. 128. 

Suppose, as a first example, we had obtained the following results : — 

At distances . . , ,12' 6* 4 
The forces are .... 5 10 15 

Here we have the inverse simple proportions — 

6 : 10::6 : 12, and 5 : 15::4 : 12, and 10 : 15::4 : 6. 

Product of distances and forces » 60. 
As a second example, let the results be — 

At distances . . . .12* 6* 4 

Forces 2- 8 18 

Here we have an inverse duplicate ratio, or square of the distance, 
fumishing the proportions — 

2 : 8::6* : 12^, and 2 : 18::4« : 12«, &Txdft •. \%vA^ \^^\ 

t}iati8,2 : 8::36 : 144, and 2 : 18::16 : 144,aTid%-. \%VA^\^^. 
Product of forces by squares of tYve dîal%aieeE=7ft'^. 
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177. We have been desîrons to place thîs qnestîon before 
the student in a simple and intelligible form, principallj 

As a third example, suppose the experimental numbers were — 

At ditttances « . . « . 16 and 4 
Forcesare 2 „ 128 

This would fumish a proportion inyerselj as the cube of the distance, 
and we should have — 

2 : 128 ::4» : ie«; that is, 2 : I28::e4 : 4096. 

Product of forces by cubes of the distanee = 8192 ; 

and 80 on for other changes of distanee, or anjr other powers« 
Let now the results be — 

At distances 16 and 4 

Forces 3 „ 6 

In this case we should have a proportion in the inverse ratîo of the 
square roots of the distances, and we should obtain the inverse propor- 
tion — 

3 : 6::45 : 16^; thatis, 3 : 6:: VT: VÎ6, or 3 : 6::2 : 4. 

Product of forces by square root of the distances = 12. 

Again, let distances and forces be thus — 

At distances ..... 27 and 8 
Forces 6 „ 4 

Here we have the inverse proportion of the third or cube roots of the 
distances, and we obtain — 

6 : 4::27*: 8* ; thatis, 6 :4::<^7 : -^, or6:4::3 : 2. 

Product of forces by third roots of distances « 12 ; 

and so on for any other roots. 

The following are examples of sesquiplicate and sesquiduplicate in- 
verse proportions, being fractional powers or roots of powers. 

Suppose that — 

For distances 12 6 4 

Forces were 6 14*2 26 

Here the forces are in inverse proportion to the square roots of the 
cubes of the distances, or in inverse sesquiplicate proportion, and we 
obtain such a proportion as this, for distances 12 and 6 — 

o g 

6 : i4-2::6^ : 12^; thatis, 5 : 14-2:: -v^» : ^m^ or 

â : 14-2:: A/lne : VÎUi, or 5 ; 14-2 v.UT : 4V5 nearly. 
Product offorccB bv square roots of cwloes oî OL\e\;wi<i.ft^«'i^^ Xka^A^, 
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on account of the great importance of snch inqtiiries to 
tlie general progress of science and theoretical knowledge. 
Thus Newton demonstrates, in his great work, ' The Prin- 
cipia/ that if the particles of eommon matter act on each 
other with a force varying in the inverse proportion of the 
squares of their distances, then the sensible action of hollow 
or solid spheres on each other will be the same as if all 
the matter of which they consist were collected in their 
centres, and that a partide placed anywhere within them 
wouîd be in equilibrio, and not tend to move in any one 

A similar proportion is evident for the remaining forces and distances. 
As a last example — 

Let distances be . . . .12 6 3 

And forces 4 22*5 128 

Here the forces are in an inverse sesquiduplicate proportion, or in an 
inverse proportion to the square roots of the 5th power of the distances, 
and we obtain for distances 12 and 6 the foUowing : — 



4 : 22-6 : : 6' : 12^, or 4 : 22-6 : : V6* : V12» ; that is, 

4 : 22-5:: -v/me : V248832, or 4 : 22-5:: 88-6 : 499 nearly. 
Product of forces by square roots of 5th powers of distances = 1 996 nearly. 

The numerical operations in these examples have been taken as the 
numbers stand, without regard to any further reduction ; but, as will be 
evident on examination, the arithmetical processes maybe made smaller 
by takîng the ratio of the distances and forces, instecid of the distances 
and forces as gîven by experiment, when that can be done conveniently. 

In cases of direct proportions, the products are obtain ed by a method 
the reverse of this. We then multiply the terms crosswise, as it were. 
Suppose, for example, in three experiments, in which the magnetic in- 
tensity varied, we had obtained the foUowing : — 

Magnetic intensity .... 1 2 3 
Force 4 8 12 

In this case of direct proportion, the magnetic intensity is not multi- 
plied into its corresp<»ding force, but into the force of the intensity 
with which it is compared. Thus, comparing intensity 1 with intensity 
3, we have Ixl2«4x3 = 12; or, comparing intensity 2 with intensity 
3, we have 2xl2 = 8x3«24, passing on crosswise of the table. In 
fact, we have here 1 : 3::4 : 12, or 3 x 4 = 1 x 12 ; also 2 : 3::8 : 12.^ 
or3x8 = 2xl2; and this applies to diiftct xaUoB VonoVnxu» ^^^^^ ^"t 
roots, as before. 
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direction, whîch he shows could not be the case nnder aay- 
other law of force. So, likewise, if the liidden source of 
electrîcal and magnetic phenomena be, as manj suppose, a 
subtile elastic fluid of a specific kind, tben, as was observed 
bj the Honourable Henry Cavendish, in some of his manu- 
scripts, such a fluid would be similar to air, if the repulsive 
force between the particles were inversely as anjr power of 
the distance greater than 3, only that the elasticity would 
be inversely as the n+2 power of their distances, or as the 

— ^ — power of the density of the fluid; n beîng any 

number exceeding 3. Bat if ti be equal to or less than 3, 
such an elastic fluid wonld be very diflerent from that of 
air. Again, the times in which the planets revolve about 
the sun are in a sesquiplicate ratio of their distances from 
the centre, and not in a duplicate ratio. Hence, observes 
Cheyne, they * cannot be carried about by an harmonically 
circulating fluid,' as was supposed by some of the ancient 
philosophers. 

We may farther remark in respect of magnetism, that 
the force by which a magnetic needle is drawn towards its 
meridian when deflected from it (21), or towards a magnet» 
increases as the sine of the angle of the obliquity of action 
directly. Hence, as observed by Professor Robinson, we 
cannot pretend to explain the action of a magnet by the 
impulsion of a stream of fluid, or by pressure arising from 
the motion of such a stream ; for in this case the pressure 
on the needle must have diminished directly as the square 
of the sine of the angle at which the magnetic force ope- 
rates on the needle. For example, the force at a right 
angle, or 90 degrees, should be four times greater than the 
force at an angle of 30 degrees, whereas it is found to be 
only twice as great ; being simply as the sines of the angles. 
It is therefore by the determination of the laws of such 
forcea that we are enabled to advance our knowledge of the 
powera ofnature. 
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178. Beside these preliminary explanations (173), thero 
remain still to be considered one or two additional points 
equally essential to an intelligible and plain view of the 
questions involved in sach inqoiries, and the real sense in 
which we are to accept such expressions of the law of yaria- 
tion of certain forces as we have just cited (173). 

To Buppose any effect to be as the square or cube of its 
cause, either directiy or inversely, is to suppose the effect to 
proceed partly from the cause and partly from nothing. For 
there is no axiom in Physics more evident than that which 
assigns between cause and effect a simple relation ; any ex- 
pression, therefore, which represents a force as being in any 
inverse ratio of a power of the distance greater than unity, 
may at first appear to involve an absurdity. We may hence 
infer that, when by experi- Fig, 104. 

ment we have arrived at 
such a conclusion, the result 
is either a mixed result, 
compounded of two or more 
conjoined actions, or it is a 
result resolvable into some 
elementary condition of a 
simple kind, depending on 
the peculiar kind of agency 
npon which the exhibition 
of force depends. Take, 
for example, the following case of a central force, or ema- 
nation of any kind, extending its power in all directions 
into space, and hence becoming weaker in proportion to tho 
Burface of the spaces over which we may suppose it to 
expand. Let c (fîg. 104) represent such a central action ; 
suppose, for example, a central source of light considered 
as luminous matter, by way of illustration. Let ahd^mn jp, 
be two great concentric circles, representing two concave 
hemispherical shells, whose centre c is the -1^0111^.0^ ^xsmiÂ.- 
nation, and whose radii c a and c m are V)0 Q!^^^ o^jhi^x ^s^ 
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1:2; or, in other words, that point n is twice as far fit)m 
the centre c as the point 6. If in this case we take any 
two homologous segments, h g,nh, of these shells, it is clear 
that the segment n h will have four tîmes the area of tho 
interior similar segment h g ; because the superficial areas 
of such shells will be in proportion to the sqnares of the 
diameters of their great circles mnp, and ah d, and these 
are snpposed in this case to be as 1 : 2 ; so that the qnantity 
of Inminons matter (supposing light to be a material 
agency) which has emanated from the centre c, and £aJlen 
npon these shells, will in the outer shell n become distri- 
bnted over 4 times the space it wonld occupy on the in- 
terior shell h ; that is to say, in any one point, there will be 
only \ the qnantity of light : hence the illumination of the 
arc n h will only be :} of the illumination of the arc b g; 
that is to say, the illumination will be directly as the 
quantity of light in a given space — a simple relatîon of cause 
and effect. When, however, we refer this efiect to the 
distance from the centre c, we perceive that the distances 
being as 2 : 1, the illumination of the whole of e€ich shell is 
as 1 : 4. And thus light as a physical agency has been said 
to vary in intensity in the inverse ratio of the sqnares of 
the distance from the centre, in the way just explained 
(174) ; but the fkct is, that the illumination of an equal area 
in each shell ia directly as the quantity of the agency pro- 
ducing it.* 

* The term intensity îs reaTTy î&applicftble here : it is a term, in 

science, only distinctive of quality, or of difierent states or degrees of 

power of the same agent ; as when we say the heat of a red-hot iron is 

more intense than. the heat of boiling water, or that moonlight is less 

intense than the light of the sun. Taking a partide of light from the 

same soiirce, we haye no reaso» for supposing it in a difierent state of 

intensity at diflferent distances from the centre of illumination. If such 

were the case, both the quantity of light in a given space, and its int«n- 

si'tyy aho, would change with the distance, and the illumination would 

tlion deerease much faster Ihan that oi l\ve mxcitaft sc^x^^ oit l\vft, dia- 

tancea. 
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179. Again, in the cases of sncb powers as those of mag- 
netism and electricity, we have to consider many conjoint 
actions (33, 37). A magnet and common iron only operate 
on each otiier throngli the medinm of a reciprocal indnc- 
tion (35), (38) when we change the distance of their 
action, we change at the same time the original condition 
or quantity of force in operation ; so that we may conceive 
the total force of attraction to depend on the force induced 
in the iroii (33) conjoined with the reciprocal induction on 
the magnet (37) ; and it may be here remarked, that in the 
apparent anxieţy of philosophers to bring such forces in- 
discriminately nnder the common law of gravity, and other 
central forces, they have probably encouraged a rather hasty 
generalization. AU the forces in natnre are not necessarily 
central forces : they may arise out of peculiar oonditions of 
common matter, of which we have as yet bnt an indistinct 
notion, and be exerted between given points in determinate 
directions onJy, as appears to be indicated in ^g, 17, ţ. 25, 
we have yet to leam, therefore, whether the force of mag- 
netism eomes nnder the general conditions of ordinary 
central forces or not. 

180. Newton, in bis leamed and profbnnd work, * The 
Principia,* considers magnetic force as being very different 
from that of gravity : — * The magnetic attraction is not (he 
says) as the matter attracted ; some bodies are attracted 
more by the magnet, others less ; most bodies not at all. 
The power of magnetism in one and the same body may be 
increased and diminished, and îs sometimes far stronger for 
the quantity of matter than the power of gravity, and, in 
receding from the magnet, decreases not in the duplicate, 
but almost in the triplicate proportion of the distance, as 
nearly as I could judge from some rude observations/ — 
Book iii, Prop, 6. 

In the 23rd Proposîtion of the Second Book, sec. 5, 
Newton iraagines that, in magnetica! bodiea^^ ^^^ ^\fec^i*iN5s:^i^ 
vii'tuG ia terminated nearly in bodies o£ V3afâ\i otru^'g.^ >(5os^ 



188 BUDIMENTABY MAGNETISM. 

are next them.' * Tbe virtue of tlie ma^et,' he sajB, ' is 
coDtracted by ihe mterpositîon of an iron plate, and is 
almost terminated at it, for bodies forther off are not so 
mnch attracted by the magnet as bj the iron plate.' The 
experiments we baye addnced (37), fig. 29, have immediato 
reference to tbis observation. 

181. Of the early experiments institnted with a view of 
determining the laws of magnetic forces, we have to notioe 
first those of Hawksbee, printed in the * Transactiona of the 
Royal Socieţy' for the year 1712, voi. xxvii. A short needie, 
one inch in length, being poised on a fine point, fixed in the 
centre of a gradoated quadrant, a natural magnet was placed 
with one of its poles within certain measured distances of 
the centre of the needie, and the corresponding deviatloiiB 
of the needie from the meridian, noted in a way similar to 
that described, page 189, sec. 134, fig. 90. The resnlis 
have not generally been considered very satisfaotory or 
regular ; it is, nevertheless, worthy of remark, that, taking 
the tangents of the angles of deviation, corresponding to 
distances, which may be considered as very great in respect 
of the length of the needie, on the principles already laid 
down (134), then Hawksbee's results will be found con- 
sistent with each other, and, according to a law of force, 
varying in the inverse sesquiduplicate ratio (176) of the 
distances, as shown in the following analysis of the results : — 

Bistance in ioches . 12 18 24 30 36 42 48 54 60 
Angles of deviation . 69 43-30 24 13-30 8-45 6-30 3-50 3 2-30 
Tangenta of deviation . 2-6 948 -445 '240 -153 -096 '067 '052 '043 

Taking these tangents as representing the forces, they will 
be found all very nearly in the inverse proportion of the 
gquare roots of the 5th powers of the distances, in some 
cases precisely.* 

* In such experiments as these, we must recollect that angles do not 
entep into ordinary calculaţi on, except through the medium of certain 
lÎDes taken to «present them. Theae Im^s \i«v«i Vi^ea. tArmod sines, 
tangents, secanta, &c. It may not be out oî ţ\aiCft \o itţ«aî^.\sĂs&g \ft 
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182. Dr. Brook Taylor, in following tip thîs method of 
experiment, was led at first to infer * that the power of 
magnetism does not alter according to anj particular law 



Fig. 105. 




the student's attention the nature of the two lines with which we are 
here especially concemed, viz. the tangent and sine of an angle. 

Eveiy angle a c b (fig. 106) is measured 
by an arc ▲ n B of a circle ▲ b ^, contained 
between its sides, and descrîbed from its 
point or yertex c as a centre ; tbe line ▲ b, 
joining the extremities of the arc, being 
called the chord of the arc. 

Now a perpendicular line b o, drawn from 
the extremity b of the radius c b, fbrming 
one of the sides of the angle, directly upon 
the other side c ▲, bas been termed the sine 
qf the angle a c b ; the length of this line, 
as îs evident, will be greater or less as the angle a c b is greater or less. 

Again, the line a d^ drawn perpendicular to the radius or side c A, 
upon the extremity a, and meeting the side c b, continued on to meet 
Adm the point d, bas been termed the tangent of the angle A c b. 
This line also will increase and decrease with the magnitude of the 
angle. 

If the radius c a be taken as nnity, and be supposed to be diyided 
înto any number of parts, say 1000, or 10000, or 10*000, then these 
lines, as applying to a given angle, will be found to contain a certain 
number of these parts. Thus, if we caii radius a c = 1, or unity, and 
divided, say into 100 parts, then if the angle a c b be 30^, the sine b a 
will be one-half the radius A c, will contain 60 of these parts, and will 
be represented by '6 ; the tangent a d will, in this case, contain about 
67 parts, and will be represented by '67. Now it is these numbers, as 
calculated and arranged in tables, with which we have to do, and not 
immediately with the angles themselves. 

As all these lines, and the principles of their construction and use, 
are to be found in our elementary mathematical works, we will not 
longer dwell on them here. (See ' Eudimentary Plane Trigonometiy,' 

p. 8.) 

Comparing distances 12 and 24, which are as 1 : 2, we have — 

2-6 : •445::2ă ; l::6-66 : l, or 5-65x*446«2-6, or 2-6 = 2-6nearly. 
Take, again, distances 12 and 18, which are as 2 : 3 ; here we have — 

2-6 : -948 : : 35 : 2ă : : 16-6 : 6-65, or 5-66 X 2-6 = 16*6 x -948 ; 
In a BJmilar way, the products for distances ÎO anOi ^0 wi^ *^VSi «^''L^& \ 
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of ibe distances, but decreases mnob faster in tbe greater dis- 
iauoes tban in tbe near ones.'* Bj subseqnent and siniilar 
expeiâments, bowever, instituted bj Wbiston, Brook Taylor, 
and Hawksbee, conjointly, ' tbe attrative power of tbe lode- 
stone was found în tbe inverse sesqniduplicate ratio of the 
distances' (175). In tbese experiments tbey measnred the 
forces by tbe sines of balf tbe arca of deviation, to wbich 
tbey endeavour to sbow tbe ' foree is alwajs proporţional' 

183. Abont tbis period^ experimental pbilosopby began to 
make considerable advances in Holland, and to excite very 
general interest ; we consequently find tbe Dutcb pliilo60- 
pbers contribnting largely to onr knowledge of this branch 
of Pbysics. Tbe celebrated Mnscbenbroek înstitated some 
experimenta in 1724, tbe object of wbicb was to find ezperi- 
mentally tbe law of magnetic attraction by tbe metbod of 
weigbts (125). Having suspended a spbericaJ magnet from 
one arm of a balance, and poised it by we^bts suspended 
from tbe opposite arm, be placed a similar magnet immedi- 
ately nnder it, and tben proceeded to find tbe additional 
weigbts reqnisite to balance tbe attractive force at given 
distances between tbe opposed poles. Tbese distances were 
regnlated by raising or depressing tbe beam of the balance 
by means of a line passing over a pnlley, and by wbicb it 
was supported. Tbe nnmerical results of tbe experiments 
were considered so unsatisfactory as to lead to the conclu- 
sion tbat *no assignable proportion* exists between the 
forces and tbe distances, wbetber of attraction or repulsion, 
and tbat ' magnets are indeed very surprising bodies, of 
wbicb we know but little.'f 

184. In tbe ' Introduction to Natural Pbilosopby,' J 

for distances 12 and 36 we have 2*4 » 2*6, wbich maj in each case be 
considered as sufficiently near. 

The greatest ineqnality appears to be for distances 18 and 54, beîng 
•948 = '81 4; all the others approach as nearly an inverse sesqniduplicate 
ratio as can be expected from the nature of the experiment. 

* 'Phil Trans/ for 1721. \ Und, for.1725. 

/ Translatod by Colson, in 1744, iot t\ie xiae oi V\ift \i\ivî6t«v\Â«&. 
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however, hj Muschenbroek, we fînd the subject more satis- 
factorily investigated and pursued , the results being Yis, 1 06. 
such as to demand veiy special attention. The 
method of experiment did not materially differ 
from the former. The following cases comprise 
fche amount of the investigation : — 

First case. — ^Attractive force between a magnetic 
and iron cylinder. — In this experiment a cylin- 
drical magnet (p, fig. 107), two inches in lengi^, 
and abont '95 of an inch in diameter, was sus- 
pended over an equal cylinder of soft iron (n), and 
the attraction at different distances (^ n) noted. 
The results were as follow : — 

Distance in tenths of an inch 6 4 3 2 10 
Force in grains , . « 3 5 6 9 18 57 

Mnschenbroek observes, on this experiment, that the 
attractive forces are inversely as the intercepted cylin- 
dricaJ spaces (p n), tliatis, inversely as thedis- jp^^ iq^^ 
tances (174) ; the law is uniform up to contact, 
or nearly so. 

Second case, — Attraction between a spberical i/^-v' 
magnet and a magnetic cylinder, — In this expe- ( 
riment a spherical magnet (5, fig. 107), was sus- jV.^^ 
pended with its north pole (a) downward, and a 
cylîndrîcal magnet {t) of the same diameter, 
viz. '95 of an inch, placed with its south 
pole (&) upward, immediately under it, the 
poles being in one straight line. The follow- 
ing were the results : — 

Distance in tenths . .6432 1 O 
Force in grains . . 21 34 44 64 100 260 

We may conceive, says Muschenbroek, * The sphere («) 
to be in a hoUow cylinder (t 5), and let down at various dis- 
tances (ah) from the cylindrical magnet. Then, consider- 
ing the intercepted spaces (t s), the attractions will be 
found in the iaverae susquiplicate ratio o£ t^iea^ s^^jc^^^'Ociaăt 
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is, înversely as tlie sqnAre root of the cnbes of the spaces * 
(176). In reforring the distances, however, to the near 
point a of the sphere, still the law does not veiy ma- 
terially differ from the former case, being approzimately in 
the inverse simple ratio of the distance a h. 

Third case, — ^Attraction between a magnetic sphere aad a 
cylinder of iron of the same diameter ^ '95 of an inch. — In 
this experiment a cylinder of iron (5, fig. 107), was plaoed 
under the north pole (a) of the spherical magnet («), tiiis 
cylinder being the same as used in the first case. The fbU 
lowing were the resolts : — 

Distance in tenths ..648210 
Force in grains . . 7 15 25 45 92 340 

Mnschenbroek, in referring the forces to the întercepted 
spaces (t s) as before, dednces the same law as in the formar 
case ; if, however, we refer the forces to the distance a 6, 
we find no regular law. The first three forces are inyerselj 
as the squares of the distances, or very nearly. The forces 
corresponding to distances 4 and 2 are in the inverse sesqni- 
plicate ratio of the distances ; this is also evident at dis- 
tances 6 and 1. At the smaller distances 2 and 1, the force 
is inversely as the simple distance, very nearly. At dis- 
tances 6 and 2 no law is apparent. 
Fig 108. Fourth case. — Attraction between a magnet 
and iron sphere of equal diameters. — In this ex- 
periment a globe of iron (&, fig. 108), wasplaced 
immediately nnder the north pole (a) of the sus- 
pended spherical magnet (js). The forces and 
distances in this case stood thns : — 

Distance in tenths 8 6 4 3 2 10 
X^^ Force in grains 1 3*5 9 16 30 64 290 

V^ ^ It is remarked by Mnschenbroek, in this 

case, that if * we snppose both the spheres to 
have been inoluded in a hollow cylinder (Jt «), and to be 
removed ârom one another at \an.oxia âî^^As^s^^^ ojid the 
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intercepted hoUow spaces (t s) io he considered, then we 
find the law in a reciprocal biquadratical ratio of the inter- 
cepted spaces, that is, inversely as the 4th powers of the 
intercepted spaces (1^4i). If, however, we refer the forces 
to the nearest poinfcs of distances a fe, we have all sorts of 
inverse proportions for the law of the force ; thus the forces 
lat distances 8 and 4 are inversely as the 3rd power, or 
oubes, of the distances, or very nearly ; at distances 8 and 1 
they are inversely as the second power, or sqnare, of the 
distance ; and this law holds approximatively for the forces 
at distances 6 and 4, and for 6 and 3, for 6 and 2, and 4 and 
3, in which last case it is exact.' 

At distances 8 and 2 the forces are as the sqnare roots of 
the fifbh powers of the distances inversely (170). Taking 
the near distances 2 and 1, we have the forces nearly in the 
simple inverse ratio of the distances ; whilst at the distances ' 
6 and 1, as also 4 and 2, the law approaches the inverse 
sesqniplicate ratio of the distance, that is, the sqnare root of 
the cnbes of the distances (176). 

185. These results are not only cnrious, but they are 
really calculated, when properly considered, to throw very 
considerable light on the natnre and mode of operation of 
magnetic force, as we shall presently see ; and it is to be 
greatly regretted that more attention has not been com- 
monly bestowed on them. MuSchenbroek's researches are 
nsually quoted without due precision, and withont any ade- 
quate explanation of the author's own peculiar deducfcions ; 
they have been also not nnfrequently treated lightly as far- 
nishing no solid Information whatever from assnmed im- 
perfections in ihe nature of the experiments themselves. 

186. We may infer, by the second and third cases, 
in which the force at contact between a cylindrical and 
a spherical magnet, and the force between a similar cylinder 
of iron and the same spherical magnet is given, that, 
when actually tonching, a magnet does not attract anQtk^^c 
magnet 8o£orciblya,B it attracts simple vroii,^^ iot^^^i^\si^^ 
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in the one instance, 260 grains, in the other 340 grains. The 
force, however, between the two magnets diminishes less 
rapidly as the distance is increased, and would lience begin 
from a more remote point. 

187. In the * Essai de Physique,' printed at Leyden, in 
1751, Muschenbroek more expressly refers to his early ex- 
perimenta in 1724, and although they led to no general 
conclnsions, yet they fumish most important examples of 
the operation of magnetic forces under the given conditions. 
The following table, for example, contains the results of a 
series of observations on the force of two spherical magnets 
of very nnequal diameters, opposed to each other at dis- 
similar poles, as in fig. 108, one of the magnets being 6*5 
inches in diameter, the other 1*5 inches. 

Distance m lin-es — 

54 50 45 28 21 12 10 9 S 7 6 â 4 3 2 1 O 
Force in grains — 

1-75 2-25 2-75 9 12 26 31 34 36 39 44 48 59 68 89 1S2 310 

Many of these forces approach the inverse sesqniplicate 
ratio of the distances. It is, however, observed by Mus- 
chenbroek, that, from the nnequal diameters of the spheres, 
* it is not easy to calculate the intercepted spaces : this led, 
me to try the forces between a spherical magnet and a ball 
of iron, each "95 of an inch in diameter.' The attractions, as 
thus obtained,have been already given. Fourth case (184). 

The foUowing are the results of observations on the repul- 
sive poles of two magnets, and of two pieces of magnetic iron: 

BEFULSIYB FOBCE OF TWO MAQNETS. 

I. 

Distance in lines . . . 48 27 12 11 10 9 8 

Force in grains . . . 6'5 13 30 32 32 33 34 

n. 

Distance in lines . • . 12 10 6 5 4 

Force in grains . . . 24 24 25-5 27*5 29 40 

REPULSIYE FOBCE OF HAGNBTIC IBON. 

111. 

Distance in Unea 12 10 6 54 3 210 

JForce in grains . 3 5 4-25 Vb 1*15» ^ W5> \Vb Y*^ kv\si. 
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It ÎS important to observe, in these last experiments, that 
in the first forces and distances, the force is as the distances 
inversely, after which the increase of the repulsion de- 
creases, and the force changes into attraction. We have 
ihought it right to select these cases for consideration. For, 
notwithstanding that they led at first to the conclusion 
* that magnets are surprising bodies, of which we know but 
little,' they will, nevertheless, be found to have a most im- 
portant beariog on the question of magnetic force, 

188. Martin, who followed Muschenbroek's method of 
experiment, found that for cerfcain small distances the force 
of a magnetic pole, on a bar of soft iron, was in the inverse 
sesquiplicate ratio of the distance. In these experiments a 
plate of wood, of a thickness eqnal to the required distance, 
was interposed between the snspended magnet and iron. 
The magnetic pole being allowed to rest on the wood, and 
to which it would become drawn by the reciprocal attraction 
between the iron and magnet, small weights were then 
added to the scale-pan attached to the opposite arm of the 
balance, nntil the magnet pole became raised off the wood. 
The actual force and distances were as follows :— 

Distance in inches • • • • | ^ | 
Force in grains .... 156 58 28 

It wiU be immediately perceived that these forces are 
inversely as the square roots of the cubes of the distances, 
very nearly. TaJdng the distances as the numbers 1, 2, 3, 

we have 1 x 156=2^ x 58=3^ x 28 (177) ; the differences in 
the products, viz. 156, 164, and 145, are not so great as to 
place them without the limit of a fair approximation, espe- 
cially when we take into account the difficulty of such 
experiments. Kat distance ^ the result had been 56 grains 
instead of 58, and at distance | it had been 30 grains instead 
of 28, then the ratio would have been exact. The experi- 
ments appear to have been carefully made.* 

* *PbHo8ophîa Britannica,' London, ^cA. \. ^, VI . 

K 2 
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189. Mayer, in an nnpublished paper read before the 
Royal Society of Gottingen, in 1760, fonnd the force of 
magnetic attraction to correspond with the general law of 
gravity. A deduction also arrived at by Michell, who says, 
in his capital treatise on 'Artificial Magnets,' pablished in 
1750, tbat in all the experimenta of Hawksbee, Brook 
Taylor, and Muschenbroek, the force may really be in the 
inverse duplicate ratio of the distances, proper allowance 
being made for the disturbing changes in the magnetic 
forces (180) so inseparable from the nature of the expeiîment. 
He is hence led to conclude that the true law of the force is 
identical with that of gravity, although he does not set it 
down as certain. It is to be greatly regretted, as observed by 
Lambert, that the Royal Society of Gottingen did not pub- 
Hsh Mayer's researches on this important physical question. 

190. In the 22nd volume of * Histoire de TAcad^mie 
Eoyale des Sciences ' (Berlin, 1776), we find two beautiful 
memoirs on this subject by M. Lambert, which were con- 
sidered by Dr. Robison as worthy of Newton himself. It is 
therefore imperative, in a treatise of this kind, to put the 
student in possession of the substance of these papers, more 
especially as a detailed and clear exposition of Lambert's 
experiments has seldom, if ever, appeared in our elementary 
works on this branch of science. In his first memoir the 
author endeavours to determine two very important laws of 
magnetic action; one relating to the change of force as 
depending upon,the obliquity of its application, the other as 
referred to the distance. M. Lambert' s course of experi- 
ment was as follows : — 

A small needle (p q, fig. 109), about an inch in length, 
being poised on a fine centre (c), fixed in a plane of wood, a 
circle (a P b), one-half of which only is in the figure, was 
described about the needle, and divided into 180 degrees, 
both on the east and west side of the magnetic meridian 
{of c z), the central or nortb. pomi (^k) of iha semicircular arcs 
being' marked zero ; the plane sa.^^oT\,\Ti^ >Oaa THâ^^t^ ^^wa» 
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made to tnm aboat the centre (c), bo aa to adjnat fche aero 

point (a) exactly in the line of the needla This preparaticm 

iaade,Lambert placed aamaU magnet (b), ofacnbical fignre, 

Fig. 109. 




the same length and breadth aa the needle, aud one-balf the 
thicknese, in variona poBÎtions E, e, f,/, o, &c. aboat the 
needle, aoaa todeâeotitfromitB meridian byagiven angular 
qoantii^. We already know (134, 135), that in bringing 
a magnet near a compasa-needle in thia -way, the needle 
changes its poBitîon, so that, by varying the position of the 
magnet, wemayprodnceany decUaation-neţ\eaaB-, 'fl^'msiq 
alaogive ihe magnet (s) an infinity oţâ^eren.'t'ţo»&'^'^*'''^ 
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may change îts place, as from d, f, g, h, <fec., and hence may 
find sucb positions or points for its action as wîll all pro- 
duce the same degree of declination in the needle. Now 
M. Lambert limited the precise position of the magnet in 
any particular point (e) to that in which the axis of the 
magnet and its south pole were directed to the centre (c) of 
the needle, as in the line E c ; and he selected given declina- 
tions of the needle from 10 to 100 degrees on the west side 
of the meridian, and from 15, 30, 60, 90, up to 120 degrees 
on the east side. Having found all the points, as, for ezample, 
D, d, E, e, F, /, G, H, I, &c., in which the magnet (e), thus cir- 
cumstanced, gave the same amount of declination, saj 30 
degrees, he proceeded to trace a curve (d e f g h i m) 
through all these points, and by means of which he endea- 
vours to assign the law of force as directed to the centre (c). 

191. For thebetter tracing the various circle and curves, 
the plane on which this operation was performed was 
covered with fine paper. The figure is about } of the size 
of the plane in the actual experiment ; and as the curves on 
each side of the meridian zGx were found to be nearly simi- 
lar, those on one side only are given, in order to avoid com- 
plication. In fig. 109, then, c is the centre upon which the 
needle plays, x c z is the magnetic meridian. The angles 
A c a, A c D, A o E, A c f, A o G, are angles of 15, 30, 60, 90, 
120 degrees, being the respective constant deolinations pro- 
ducing the curves 1, 2, 3, 4, 5. Thus the magnet being in 
carve 2, the declination of needle was always 30 degrees ; 
when in curve 3, it was always 60 degrees ; and so on. By 
this arrangement, an equilibrium is obtained between three 
forces, viz. the magnetic force of the needle ; the directive 
force, or unknown power by which it is drawn to the meri- 
dian A B ; and the force of the magnet (e) by which the 
needle is deflected or drawn from its meridian. 

192. In comparing the curves thus obtained, Lambert 
onlj âssumes, what in fact is shown by all experience, that 

^he magnetic force decreases wTaeu tla© âi\«i»îao^ ^ V!ciâ5i\i\^ 
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operates increases. In estimating the element of distance, 
he finds it sufficîent to take the distance between the 
extremity (e) of the magnet and the centre (c) of the needle. 
So that, if it be merely required to know if the force of the 
magnet has been more or less great in one point than in 
another, as, for example, in points E and f, then the right 
lines c E, c P will be eufficient fur that pnrpose, and the force 
of the magnet may be taken as being less as these lines are 
longer. 

193. With a view to simplify our conceptions of M. 
Lambert's investigations, we will confine our rcferences 
principally to one of the ourves which he traced, viz. to the 
curve No. 2, oorresponding to a deflection of 30 degrees, 
and which caused the needle {p q) to assume the direction 
ncu, making, with the meridian zcx, the angle zCy=SO 
degrees. It may be here observed, that if we take, on either 
side of the radius c G, any two points F, H, making equal 
angles G c f, a c H with that radius, and suppose the magnet 
to be in p^ and attracting the north pole (p) of the needle 
with a force=;^, and repelling the south pole (q). with a 
force :=gf, then we have only to place the magnet in H, and 
it will reciproca] ly employ force =-p to repel the south pole, 
and the force î=g' to attract the north pole ; that is to say, 
the distanoes G h and G f being equal, the position of the 
needle would not vary ; and reciprocally, in order not to 
vary, these distances must be equal. The curve d b f G h i m, 
therefore, is similar to itself on each side of the right line 
C G, so that c G is an axis or diameter of that curve, and 
divides it into two similar and equal parts, that is, supposing 
a perfect resemblance and equality of force in toth poles of 
the magnet. Mr. Lambert calls this axis c G a tranverse 
axis or diameter, because it passes through the centre at 
right angles to the deflected position of the needle. Thus, 
when the magnet (e) is in the curve e G H, just mentioned, 
the deflection being 30®, the position of the needle ia the 
line mOD, and the axis is C G, and so for «tx^y o>;îti«t c?qcc^^\ 
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tlias, when the deflection îs 60^, and the needle is in the 
line C £, then the axis of the curve is c N, being always at 
right angles to the direction of the needle. We may i^irther 
observe, that all the curves extend themselves from. the 
centre np to the points by which their respective diameters 
pass, as at X s N o B. 

194. These experimental conditions of Lambert's investi- 
gations being nnderstood, we may proceed to his analjsis 
of them ; and first, as relates to the change of force liable to 
occnr from a greater or less degree of obliquity in the 
action of magnetism on the needle, considered as a lever, a 
most important element in the progress of such inqniries. 
Assuming, as we have just shown (193), that it requires 
everywhere the same effective force to retain the needle at 
the same declination, we might conclude, conversely, that 
for the same degree of declination the distance should be 
always the same ; but such is evidently not the case, since 
the points D, E, f, g, &c., in curve No. 2, are all at different 
distances from the centre (c) ; hence all the force of the 
magnet (e) cannot be everywhere exerted ; some compensa- 
tion between the force and distance must hence arise, if the 
needle at diâerent distances is to remain in the same posi- 
tion. Now we may observe, that in different points of a 
given curve D E F G H, the action of the magnet (e) is more 
or less oblique upon the needle (p q) ; thus, the needle being 
retained in the line nu, at a deflection of 30°, the angle of 
obliquity at point E is E c D, at point f it is F C D, at point H 
it is H O D ; that is to say, the obHquity of the action inoreases 
with the distances. In order, therefore, that the needle 
should remain stationary, the decrease of the force due to 
the incroase of distance should be exactly the same as 
decrease of power arising from the increased obliquity of 
the action. To determine the law of the change of force 
from obliquity, Lambert calls to hi« aid the polar or magnetic 
force by whioh the needle ia drawn toward the meridian, 
and wbicb adao acts obliquely upon ^î!^ "a^e^Q ^\«?s«ri^x 
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we deflect it from its meridian. Thus the needle (p q)^ beîng 
drawn from its m.eridian into the line n u, the oblique action 
of the polar force is the angle zOy, To distinguish in 
certain cases the oblique action of the magnet (e) from this 
last obliquity, he calls the angles of obliquity of the magnet 
(b) angles of incidence. Thus, angles e c d, f c d, &c. are 
angles of incidence as regards the obliquity of magnetism 
in the action of the magnet (e) on the needle. If the law of 
the yariation of the force as regards a change of distance 
were really known, we could easily determine the law of 
the increase or decreaso of force as depending upon obli- 
quiiy of action ; for the effect depending on this obliquity 
of incidence would be in the same curve in an inverse ratio 
of the force, in order that the compound resulting effect 
might retain the needle in the same position ; but Lambert 
had not determined this law, and is hence led to another 
method by taking into consideration the action of the polar 
force on the needle. 

196. To determine the effect of obliquity, considered as 
depending upon the angle of obliquity, that is, as being 
Bome function* of that angle, Lambert took two equal dis- 
tances (c d and C r,) in which the absolute force of the 
magnet, independent of obliquity, might be considered the 
same. We may here observe, that when the magnet is in 
point d, the needle is found in direction c u, being, by the 
experiment for that point, deflected 30®. The angle of 
incidence dou îb therefore 15°, and the obliquity of the 
polar force is the angle 2 c ^ = 30°. Again, the magnet 

* This term/unction is in very common and accepted use in physico- 
mathematical science. It is employed to express, either algebraically 
or otherwise, any qnantity whose value depends upon that of another. 
Thus the extent of the circumference of a circle will depend on the 
length of the radius of the circle. The circumference is hence said to be 
a fuuction of the radius. In the present case the effectiye force of the 
magnetic power will depend upon the angle of incidence. It is hence 
said to be a function of that angle; so that we have to ftnd'wb&it.\%\k^ 
actual value or reladon of this function to the m,a,gcie\)\<i'^'^^'^* 

k3 
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being in r, the needle is in direction c p, being, by the 
experiment for curve 4, deflected 90°. In this point, then, 
angle of incidence of magnet is P c G = 30*^, and angle of 
obliquity of polar force zCT = 90®. Let now the whole 
magnetic polar force=:M,and the whole force of mi^net=n»; 
then, becanse the needle is at rest, either the whole or sonie 
part of the magnetic polar force must be in eqnihbrio with 
the whole or some part of the force of the magnet ; and as 
these forces will depend npon the angle of obliqnity, we 
have for points d and r, calling the ftmction we reqTiire=:/, 
the following eqnations : — 

M x/30°=m x/15°, and M : tw : :/15** : /SO** for point d, 
M x/90°=m x/30^ and M : m: :/30® : /90** for point r.* 
But between these fonr fdnctions, in the proportions thus 
deduced, we obtain/ 15° : /30°: : /30° :/90°. 

Now this proportion leads at once to the valne or natnre 
of the function required=/, since in the ordinary trigono- 
metrical calculations and tables we find that the sines of 
these angles fulfil the conditions of this proportion. In 
fact, we have sin 14^ : sin 30°: : sin 30° : sin 90°, that is, 
•2»50 ; '5: : '5 ; 1, which is sufficiently near for onr pnrpose, 
and leaves little or no doubt as to the nature of/. 

* The student will easily see, that, to represent the equilibrium of the 
forces in operation, we must multiply the total magnetic force by the 
function of the angle of obliquity at which the force acts, and upon 
which the modification of the whole force depends. Thus, suppose that 
when the obliquity of action was a given quantity, that only | part of 
the total force, fbr example, was effective in retaining the needle at a 
given deflection, we should, in this case, express it by | of m, calling 
generally the magnetism m ; that is to say, we should multiply m by |. 
But since we do not know what portion of the total forces are in opera- 
tion, we are content to represent it by some function of the angle of 
obliquity; and therefore, in the above, write mx/30°, or wex/15®, as 
the case may be. It is further evident that, in the equilibrium of these 
forces, we have in all cases some portion of the total polar force acting 
at a constant distance in equilibrio, with some portion of the total force 
of the magnet acting at variable distances from the needle ; hence we 
wn'te, in the caaeB quoted, 

ar x/50° = 7»x/16°, andMx/QO^^mxJ^^'^ 
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196. From this investigation, then, we may conclude that 
the action of magnetism on a magnetic needie, considered as 
a lever, is proportionate to the sine of the angle of obliquity 
of its direction ; and that hence the effective force which 
operates in restoring the needie to its meridian, when drawn 
aside from it, is directiy as the sine of the a,ngle of its 
deflection — an important deduc tion. *If/ says Bobison, 
* M. Larabert's discoveries had terminated here, it must be 
granted that he had made b^ notable discoveşry in mag- 
netism.' 

This important result was fully established by a variety 
of other experiments. Thus, taking other points / and g, 
equally distant from centre (c), or very nearly so, we have 
the angles of incidence ^ c a = 30**, and / c D == 75° ; the 
needie for curve 1 being deflected 15° in direction c a^ and 
for curve 2 being 30° in direction o D. The obliquities of 
the respective polar forces are consequently z c t = X^°, and 
zcy = 30°. 

Whence we obtain for points g and/ the two folio wing 
proportions :— 

m x/» 30°=M x/» 15°, which gîves m ; m : : /» 15** : /» 30° ; 
and 
7n x/» 75''=M x/» 30°, which gîves m : m : : /» 30° : /» 75°. 

From these four functions we have, by the ordinary rules, 

/»l5°:/„30°::/'30°:/„75°; 

that is, sin 15° : sin 30° :: sin 30° : sin 75° (195) ; 
or -2589 : '5 : : 5 : -966. 
And -2589 x ^966 = -5 x '5, or -250 = -258, which is a suffi- 
ciently close approximation. 

197. Havîng thus determined the fîrst, and apparently 
the most simple law of magnetism, Lambert proceeds to 
apply it in his fiirther învestigations of the law of fprce as 
regards distance. With this view, let the total polar force 
which draws the needie to its meridian be considered as 
unity or 1, and suppose that the magnet (e) bem^ m ^cstc^'e^ 
point of the carve D E a, the needie ia de^ecleâi '^^^ ^ ^t^^Ss^. 
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in the dîrection c D. In this case the sine of 30^ being '5, 

the effective polar force becomes represented by 1 x '6 ; 

that is to say, it may be expressed by '5. Now, tbe 

needle being stationary, in wbatever point of curve 2 ihe 

magnet be placed, it is clear tliat the oblique or effective 

force of the magnet in any point d^ E, e must be eqnal also 

'5, because in these points it exactly balances the polar £orce. 

Now, let the actual or inherent force of the magnet at any 

distance c E, c G, &c.=m, and caii the angle of incidence or 

obHquity of its action=0 ; then we have the effectiTe force in 

every point of the curve=w x sin (p ; but as this force, as just 

shown, must be='5, we have therefore by these two yaluea 

'5 
m X sin = '5, and t» ^ • 

sm 
Taking now the different angles of incidence cî C D, B c D, 
e C D, &c. for the successive points d^ B, e, &c., and which 
are by construction 15, 30, 45, 60, &c., up to 120** (191), 
and dividing '5 by the sines of these angles, we obtain the 
value of m, or absolute force of the magnet in each point of 
the curve at a measurable distance from the centre (c) ; conse- 
quently, in laying off the respective distances o D, C (£, C E, 
&c. upon a given scale, we have the respective values of the 
force and distance represented by numbers. M. Lambert 
estimates the distance in terms of a unit of measure=^ the 
length of the needle. The forces and distauces thus deter- 
mined will be as in the following table :* — 

Points of curve . d e e y f o 

Distances=f? . . 271 362 4*17 4-33 4-48 4-61 
Forces=/ . . 1-93 100 07 057 51 O'S 

198. It will be observed, that in comparing these distances 

* This way of noting the results of the experiment is not the same as 
that adopted by M. Lambert, who gives several distinct and elaborate 
tables, which, in a rudimentary work of this kind, could not well be in- 
troduced. It became reqnisite, therefore, to simplify them, and bring 
the results under a less complicated form. No alteration, however, has 
been made in the course foUowed by the author^ or in his numbers, 
w/]/cIj are given as found in his table. 
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and forces as before (181), there is a general approximation 
to the law of the inverse square of the distance, more espe- 
cially in the points f, /, G, in which. the products of the 
forces, multiplied by the squares of the respective distances 
(176), are 10'6, 10*2, 10*6 ; the nearer points, however, as 
a, E, e, give the products 13'87, 13'10, 12*1, which exhibit 
greater differences. M. Lambert, however, goes on to 
observe — that the distances here given are taken between 
the extremity of the magnet (b) and centre (c) of the needle 
— that these may not be the true distances of the magnetic 
action — still he prefers letting the nnmbers remain as they 
are in the table, and snbject them to such calculation as may 
be fonnd requisite, merely bearing in mind, that whatever be 
the true distances, they must be in some inverse ratio of the 
forces. 

199. Supposing magnetism to be a specios of central force, 
analogous with the force of gravity (178), it would then 
come under the same general law as regards the distance of 
its action, and would be in the inverse duplicate ratio of the 
distance (1 74) . Assuming this to be the case, we may obtain 
the true distances corresponding to the forces by means of 
the general expression for this law. Thus, let/=the effec- 
tive force of the magnet in points d, e, e, f, &c., and let 
the true distance of action we require to find ^ A ; then 
we have 

/ a — ^ and, consequently, A a —^' 

If, therefore, we extract the roots of the numbers in the 
preceding table, represented by/, we shall, in carrying out 
the operation indicted in the above formula, obtain a series 
of numbers which, although not equal to the true distances, 
will still vary in the same direcfc ratio, and which may 
become equal to the true distances if multiplied by some 
constant=C, so that, in representing these numbers by 2, we 
should have A^ 5 x C* 

* Tbe student must remember, that a\thoTig\i a gi^«w c^ajaxvNâWj Tca.i 
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Subjecting, then, the forcee/to the indicated operatian 
=, we obtam, for the respective points c2, e, e, F, &o. the 



^^7 . 

foUowing proportionate distances : — 

Points . , ^ » d Ti e w f o 

Proportionate di8tances=» 0719 l'OO M89 1-316 1-39 1-414 

M. Lambert deduces for the mean value of the constant, 
by which these numbers must be multiplied, c =5^ 2*2, as 
given from the whole series of experiments in the successive 
curves 1, 2, 3, 4^ 5 (fig^ 109). The tnie distance, therefore, 
will be represented by A = S x 2*2 ; so that, by eomparing the 
product of the above numbers by 2*2 with the measured dis- 
tances^ d, as given in the preceding table^we immediately 
arrive at the required oorrection^ if any.* Take, for example, 

change in the same proportion as ancther and greater quantity, yet we 

cannot ever consider the two quantities as equal. To complete the 

jequality, it becomes reqnisite to mnltiply the lesser quantity by some 

-p,. . . - constant number. Take, for example, the 

* right-angled triangle a c », and suppose it 

divided by parallels a cd^b b', c c', &c. ; and 

in such way, for example, tbat distance ▲ a 

from the vertex (a) is twice the length of the 

parallel a a\ Then we have A b double 

of b b\ and a c double of (f <?, and so on ; and a a\ bV,d d\ &c. will 

increase in exactly the same proportion as a a, a 6, a c, &c ; so that if 

A 6 = 2 A «, then bV ^2 a a\ and so* on. Still ad^b b\ &c. can never 

be taken equal to A a, a 6, &c. "We may, however, în this case make 

them equal by multiplying a a', b b\ &c., by 2, which is the constant 

quantity here required, but which constant in the above formula we re- 

quire to determine. 

* To get the value of c, let the difference between the true and ob- 

served distance =j:, then we have d±x — hy.G. Take now any two 

values of <?, say in points b and g, as given in the former table ; then we 

have 

3-62 ± a? = 1 X c for point b, 

and 4'62 ± ar= 1*414 x c for point g. 
Subtracting equation of point e from equation for point g, we have 

i-0i = -414xc,andc = ^^^='^4.XLeaiW. 
#• * -414 ^ 
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the nnmbers in the preoeding table at points d and o ; then 

we have for A, that is, tho true distance, 

0719 X 2-2=l-58 for point d, 

and 1-414 x 2-2=3-ll for point o. 

Bat the measnred diatances for these points =c?^ as given in 

the former table, are d=2*71 for point d, 

and ci =4*61 for point a. 

The respective errors, therefore, or 

d-ă are, 2-71 -1-58= 1*13 for point d, 

and 4*61— 311=1'5 for point G. 

1'134-1'6 
The mean of these, or ^- =1-31 nearly, which tnms 

ont to be the mean valne of x npon the whole series of 
experiments in the different cnrves, that is, the quantity 
to be subtracted ârom the measnred distanoes in order to 
obtain the true distances, npon the hypothesis that the force 
is as the squares of the distances inversely, as in the case of 
gravity. These nnmbers x and c being determined, we have 
d-l'Si = dx2% and hence d = ^x2^2 + l'Sl, which is the 
formula deduced by M. Lambert for determining d by 
calculation, and comparing the result with d^ as given in the 
first table. 

In extending this formula throngh the numbers for the 
series of curves 1, 2, 3, 4, 5, deduced as in the first table 
(197), M. Lambert finds the differences between the mea- 
snred and calculated values of d comparatively small, and as 
often positive as negative ; and hence concludes that the 
formula cZ=5 x 2*2 + 1*31 is, npon the whole, correct, 

200. Admitting the truth ©f this formula, we arrive afc a 
somewhat remarkable result, viz. that to obtain the distance, 
the square of which is in a reciprocal inverse ratio of the 
force of the magnet, we must take, for the true distance, the 

TJpon a mean of the whole series of experiments for all the curves 1, 

2, 3, 4, 5, Mr. Lambert finds the mean yalue of Cs2'2, or, as he ex- 

.. 11 
presses it, — — . 



208 BUDIMBNTABT MAOfiTETISM. 

distance between tHe centre of tHe needle and the extremiiy 
of the magnet, minus the quantity 1'31, which îs greater 
than half the length of the needle.* So that what m&j be 
called the centre of attraction of the magnet is fonnd ont 
of the magnet, and what maj be called the centre of attrac- 
tion of the needle is fonnd ont of the needle. So that the 
common centre of attraction may be conceived to be in the 
semicircular interval A p (fig. 109) being as much nearer the 
needle (jp q) as its force is less than that of the magnet (e). 
M. Lambert thinks that, in the case before ns, it falls about 
the point r, at 1'31 distance from the centre of the needle, 
G A being the least radius or distance at which the magnet 
could be placed without altogether fixing the needle inde- 
pendently of the polar foroe. 

Professor Bobison appears to yiew this dednction as 
somewhat anomalons, and as arising out of the complicated 
natnre of the experiment. Yet if the force be such as 
anticipated bj Lambert, there does not appear any greater 
difl&culty in conoeiving such a result than in conceiving the 
common centre of gravity of two bodies of unequal magi- 
tudes to fall without the bodies. Thus the common centre 
of gravity of the earth and moon is neither within the earth 
or moon, but in some point intermediate between them ; 
being as much nearer the earth as the mass of the earth is 
greater than that of the moon. 

Under this impression, however, the Professor was led to 
repeat Lambert' s experiments with magnets, consisting of a 
slender steel rod, terminating in small balls, in which case 
he found the force to be nearly in the centre of each ball, 
and to vary in the inverse duplicate ratio of the distances 
with singular precision. 

201. Such are the principal feafcures of Lambert's first 

memoir on the important question of the law of magnetic 

force. In a foUowing subsequent memoir * On the Curva- 

^ure of the Magnetic Current,' he continues his series of 

* TJ20 unit of measure being Tnade=\ia\î \.\ie\eii^Vk oi>i)£vfcxv^^^. 
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experîments, and examines wîth singular ingenuity, mathe- 
matical skill, and address, the action of the directiye or 
polar force of a magnet upon a small needle. In the pre- 
ceding experimentş, Lambert had always preserved tHe axis 
of the magnet in a right line passing through the centre of 
the needle. This condition, however, is not altogether re- 
quisite in every case. He therefore, in these subsequent 
researches, places the magnet more or less obliqne to that 
line, but alwajs preserving the same angle of obliquity for 
comparative experimentş. The question whether such 
curres as those which are represented (28) depend on a 
circulating fluid, Lambert oonsiders of no moment. StiU the 
curves exist, and the problem for determining the nature of 
such curves will stiU arise ; the axis of a small needle freely 
snspended will, in various points, alwajs be a tangent to 
these curves ; so that we may, without ambiguity of lan- 
guage, caii them * curves of the magnetic current.' If there 
be such a current, the term will be true to the letter ; if 
not, the algebraic nature of such curves will suffer no change. 
In order to determine the nature of these curves, as bearing 
on a large and important class of natural magnetic pheno- 
mena, Lambert endeavours to examine still further the 
general laws of magnetism, and the position, size, flgure, 
and force of the great magnet which he supposes to reside 
in the earth. The limits of this work will not permit us ta 
enter fully upon this beautiful memoir, which, as remarked 
by Dr. ţlobison, would have done credit to Newton himself ; 
more especially as it embraces other considerations than 
those immediately conneoted with our present subject. So 
far, however, as it bears on the elementary laws of magnet** 
ism, Lambert concludes, * that the eflect of each partide of 
the magnet on each particle of the needle, and reciprocally, 
is as the absolute force or magnetic intensity of the parti- 
cles direotly, and as the squares of the distanoes inversely.' 
202, About twenty years afber Lambert's experimenta^ 
Coahmb tumed the attention of laia VaţQxâiovx^ ^tă. ^y3ai2<$^^' 
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hensive mind to this snbject j* and hj means of tlie torsîon 
balance (132), and method of oscillatîon (138), not only 
confirmed the dednctions of Lambert, but also added to onr 
knowledge of magnetic force in a most extraordinary degree. 
Having placed a linear magnet, 24 inclies in lengtb, in the 
stiiTup of hia balance (138), he was enabled to measure the 
force reqnired to maintain this needle at yarioo&angles from 
its natural direction, and thus, by a direct experiment, he 
confirmed the principie of Lambert (196), viz. that the force 
urging a magnetic needle toward the magnetic meridian 
when drawn aside from it, is proporţional to the sine of the 
angle of its deflection. Referring to the explanations given 
(133), the following are the forces and angles in foţir dif- 
ferent experimenta, and by which it wfll be seen that the 
forces or degrees of torsion requisite to maintain the needle 
at the given angles are sensibly proporţional to the- sines of 
these angles. 



Micromatic circîes 


l 


2 


4 


5-6 


Degrees of torsion 


. 349-6 


698-75 


1394 


18^5 


Angles of deflection. . 


. 10<>-30 


21°-16 


46<^ 


86° 


Sines of angles . 


. -1822 


•3624 


•7193 


•9961 



203. To understand clearly these results, it will be neces- 
sary to reeollect that the reactive force exerted hy the wire, 
when snbjeeted to twist, i» exactly proporţional to the degree 
of twist to which it has been subjected. This is the funda- 
mental principie of the instrument (132).'|* This degree of 
twist or torsion may be either measured by actually twisting 
the wire itself at it& upper extremity, fîg. 87 (132), against 
a resisting force beneath, or otherwise turning the wire from 
below against a fixed point above. In either case the tor- 
sion force is proporţional to the angle of torsion. Now, in 
such experiments as those just quoted, in which a magnetic 

* 'Memoir of the Eoyal Academy of Sciences/ 1786 and 1787. 
t We avail ourselves of this opportunity of correcting an error, 
Berenth line from. the top, p. 119, for * sm© oî \Ai% wi^U or arc,* read 
angle or arc. 
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needle is forced from its directive position tlirongh a given 
angle, say 46°, by actually twisting tlie wire any munber of 
degrees against the directive force of the needle, and by 
wbicli it tends tothe magnetic meridian, we mnst, to obtain 
the actual force of torsion, holding the needle at any given 
angle, subtract firom the nnmber of degrees which we have 
twisted the wire the degrees representing the angle of de- 
flection of needle ; for, imagine that we had foroibly retained 
the needle in its original position, whilst we had twisted the 
wire 4 circles of the micrometer (fig. 87, sec. 132), that is, 
4 times 360=1440°, and that, on lib^ating the needle, it 
became deflected, and rested at 46°^ then^ as is evident, the 
total torsion of the wire would become relaxed by that qnan- 
tity, and we should have for the absolute force of torsion, 
holding the needle at 46°, 1440—46=1394°,, as given in the 
table ; and similarly for the other given angles.. 

204. Having determined this point, Coulomb proceeds 
to examine the law of the repulsive force of two similar 
magnetic poles,, and in the following way : — 

Two equally-tempered and magnetic steel wires,, each 24 
inches in length, and about -^^j of an inch in diameter, 
were placed, one of them in the balance, and the value of 
its directive power or force dragging it to the meridian at 
any given angle determined. This force, în terms of the 
torsion force, was, for this particular case, equal to 35° for 
1° of deflection of the needle ; that is to say, in order to 
force the needle 1° from" its meridian, it was requisite to 
turn the micrometer, fig. 87 (132), 35° of the circle.* This 
being asoertained, the other wire was placed vertioally in the 

* Coulomb found that 2 circles of torsion deflected the needle 20°, 
which gave a force of torsion for 20° = 720 -^20 = 700. Now the di- 
rective foroe of the needle being as the sine of the angle of deflection, we 
may, from this experiment, obtain the force for any other angle m, 
Bince we have this proportion, 700 or force at 20° : /, the force at angle 

m : : sin 20 : sin wi, or /x sin 20 = 730 x sin m, or/=»t25JLEl^. If ^^ 
take the arca tbemaelveB, iastead of the smea, 'wVâjâti'V^ imk^ \<:i\vR«fe 
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meridian, with its inferior pole at right angles to tihie similar 

■p. jjj pole of the needle, as represented 

, in the annexed fig. 111, and in 

Baoh waj as to adndt of the two 
wires being considered as iuter- 
secting each other at an inoh 
witbin their similar polar extre- 
V mities j? p'. As a necessarj con- 
sequence (31), the pole |î' of 
the horizontal needle, placed in 
the balance, becomes repelled, and toms away from the 
pole p of the fixed vertical needle, nntil arrested by the 
torsion of the wire, and a balance obtained to the repulsive 
force. In this case the needle was balanced at an angle of 
torsion of 24°. The next step was to, determine what 
amonnt of torsion was requisite to balance the repulsive 
force at certain other angles or distances between the re- 
peUing poles p p'. With this view, the wire was twisted 
against the repulsive force by tuming the micrometer 3 
complete circles, or 3 x 360°= 1080°. The pole p' of the 
needle now stood within 17° of the vertical pole p. In like 
manner, 8 circles or 8 x 360° =2880°, brought the repeUent 
poles within 12° of each other. Let us pause here for a 
moment to consider what are the actual or total forces in 
operation at each of the arcs of distance 24°, 17°, and 12°. 
206. In the first place, we have to consider, that not only 
is the horizontal needle p' pressed back toward the vertical 
needle p,hj the reactive force of the torsion, but it is like- 
wise urged toward the vertical needle by its own directive 
power or tendency to the meridian ; we must therefore add 
this assistant force in each case. This is efifected by turning 
it into degrees of torsion, at the rate of 35° of torsion for 
each degree of angular deflection from the meridian, accord- 

without any great error, we have -^^-^ « 86 «». If we take «» = 1°, 

^0ji tbe force equak 36°, that is, 35° of toiaion, «* Oo%«r?^, 
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ing to the preliminary experiment above gîven (203) ; for, 
sinoe as a ^ndamental principie of the irstrument, the 
torsion force goes on regularly increasing -mtli the angnlar 
twist of the wire, it is suflBcient to know the actaal force 
for one degree to get the force for any number of degrees. 
In the flrst experiment, therefore, when the angnlar dis- 
tance of the poles p p' was 24°, the total force in terms of 
torsion, balancing the repulsive force, must have been 
24 + (24 X 35) =24 + 840=864. For force at angular dis- 
tance 17°, we have to combine the new torsion =3 circles, 
with the torsion for 17®, and the directive force at 17°, so 
thatwehave (3x360) + 17 + (17x35)=1080 + 17-f595= 
1692 for the total force at angle 17°. In like manner, we 
obtain the total force at 12°=8 circles +12 + (12x35) = 
2880 + 82+420=3312; so that the distances and corre- 
sponding forces will stand thus : — 

Distances .... 12 17 24 

Forces .... 3312 1692 864 

206. Now these forces are in the inverse duplicate ratîo 
of the distances, or very nearly. Thus, at distances 12 and 
24, which are as 1 : 2, we have the inverse forces 864 and 
8312, which are as 1:4; that it to say, we have the in- 
verse proportion 3312 : 864 :: 2« : 1, or 4x864=3312 
noarly, or 3456=3312. Had the force at 24° been 868 
instead of 864, the accordance would have been complete. 
Now the difference 36 between these numbers îs not above 
one degree of error in the position of the needle, at the rate 
of 35° of torsion to 1° of angular deflection ; the result, 
therefore, is perhaps as near as could be expected, for it is 
to be remembered that the action of the poles upon each 
other is a little oblique ; the distances are really as the 
chords of the arcs, and not as the arcs themselves ; beside 
that, the experiment is not an experiment with two particles, 
but two portions of a magnetic wire. Admitting all this, 
however, it is still to be observed, that tlie i!c5te^%.\,\5£i"eiTifc'îi2t 
dîatance 12, ia not ao great as it BliouLd \)e "Nsy eaXcjKs^aîcva^ 
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in tba propori^n of 8312 : 3456, taking the force at 24 as 
864 ; we shall have occasion to r^^M* to this fact as we prooeed. 
207, These experîments, by Lambert and Conlomb, were 
foUowed up, about the year 1817, by Professor Hanstein, of 
Christiania, wbo, in a yaluable work entitled * Inqniries con- 
ceming tbe Magnetism of the Earth,' dednces many impor- 
tant laws of ordinary magnetic forces. 

Althongb Professor Hanstein*s method of «xperiment is 
virtnally the «ame as that of Hawksbee (181), yet the 
method of analysis is peculiarly his own. Hanstein's appa- 
ratus may be taken as identical with that described (134) 
fig. 90, th© straight line E w being divided into portions 
such that ten of them were equal to the half axis of the 
artificial magnet nsed in the experiment Having assiuned 
that the magnetic intensity of any partide in a magnet is 
proportionate to some power of the distance from the mag- 
netic centre (26), and that the force between any two 
particles is in some inverse ratio of their mntual distance, 
a general expression is dednced for the effect which a linear 
magnet would have upon a magnetic partide situated any- 
where in the line of the prolonged axis of the magnet. This 
determined, and the angles of deviatîon of the needle (fig. 
90), at difierent distances from the magnet (m), accnrately 
noted for each distance, the Professor proceeds to compare 
the results of calculation with those of the actual experi- 
ment, and shows that the supposition of the force being in 
an inverse power of the distance equal to 1 or 3, entirely 
disagrees with observation ; whilst, on the other hand, if 
the power be made equal to 2, the numbers found by experi- 
ment difier but little from those found by calculation. The 
value of the power of the distance, representing the inorease 
or decrease of intensity from the magnetic centre, does 
not appear to have so great an influence on the result. 
Hanstein, however, thinks that this power is also equal to 
2, altbongh, hy taking it as 1 or 3, the differences from 
aciuai observation are not alwaya coiiaîâLenraXAfâ, 
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From these inquiries, Hanstein thinks lie îs entitled to 
conclude, * that the attractive or repulsive force with. which 
two magnetic particles affect each other is always as their 
intensities directly, and as the square of their mutual dis- 
tance inversely/ thus confirming the deductions of Lambert 
and Coulomb. 

208. Further Inquiries concemi/rvg ihe N-ature and La/ws 
of Magnetic Forces. — ^Although our knowledge of magnetic 
force has been very greatly advanced by tbese several re- 
searches, it yet remains to be seen whether the law deduced 
be a general law, applicable to every case of magnetic action 
considered as a central force (178), or whether it be only a 
particular law of some peculiar agency operating between 
the surfaces of magnetic bodies in a way similar to that of 
electricity, which, as now well known, is confined to the 
limiting surfaces of opposed conduetors.* 

We have seen (33) that when s, JFig. ilî. 

magnetic bar A (fig. 112) is opposed 
to a similar, but smaller, bar of 
iron B, then a new polarity (n) is in- 
duced in the near parts n of the 
iron, opposite in kind to that of the "* " 

opposed polarity A, whilst another^ 

polarity (^) arises in its more dis- 
tant parts, similar in polar y to 
that of the polarity A, but opposite 
to that of the induced polarity n; 
this, however, is not all, On fur- 
ther examination, we find (37) that 

the temporary polarity n, thus induced in the near surface 
of the iron, operates in its turn on the near surface ;p of the 
magnet, producing there, by a species of reflection or rever- 
beration, what may be considered as a new polarity p, oppo- 
site in kind to that of the induced polarity n, but similar to 
that of the permanent polarity A ; that is to say, a,^oTi\QrDL<5kl 
♦ 'Budimentaij E/ecfcricity ' (21), p. 17, and ("ăft"), i^A\\,^^<s»xA «^NÂa^« 
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the force, whîcb, under the ordînary condiţiona of magnetized 
steel, is directed towards the centre of the magnet (28), be^ 
comes now determined toward the iron in directîon p n, 

These changes, induced in the magnetism of the two 
bodies, have been considered bj some writers as casnal and 
disturbing forces, snperadded, b& it were, to the primaiy 
magnetic action, which they imagine to be a distinct power, 
or emanation, as it were, from a centre, and operating in the 
way of other central forces (178). Michell had evidently 
adopted this view (189) ; as also Dr. Eobison, who thinks 
that the phenomena of magnetic attraction and repnlsion, 
as commonly observed, are not calcnlated to develop the 
real law of magnetic force : * For in the experiments made 
on attraction at different distances, the magnetism is con- 
tinnally increasing, and hence the attraction will appear to 
increase iu a higher rate than the just one ; ' and that, 
hence, * the observed law mnst be different from the real 
law.' * If we look, however, very narrowly into the nature 
of this kind of physical force, we shall immediately peroeive 
that it is altogether an inductive process. Indnction, as 
observed by Faraday, in respect of electricity, f is the es- 
sential fdnction of all magnetic development. So far, 
therefore, from these induced actions being merely snper- 
added or disturbing forces, they are the very essence of the 
force itself. It is, in fact, the mutual play of these inductive 
powers which constitutes magnetic action in all its variety 
of form ; we recognise no other action in the observed phe- 
nomena of magnetic attractions and repulsions ; and it is 
hence to the laws of these induced changes to which we 
must look for an intelligible development of what we have 
termed the general law of magnetic force. 

209. It is here to be remembered that we know nothing 
of that peculiar condition of steel we term magnetic, except 
through the medium of its effects upon ferruginous bodies. 

* ' Jtfecliaiiical Philosophy,' y6\. W. "ţi^, IVI aad 273. 
f 'ReaeATcheB in Electricity' 117^. 
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We may, however, infer, as already explained (14), that în 
a magnetized bar two forces are developed, the tendency of 
which is to recombine and restore tbe condition of neutrality 
nnder whicli they previously existed. Taking, therefore, a 
magnetic bar apart from tbe influence of all other ferm- 
ginous matter, we may consider the action of these op- 
posite forces as being directly npon or toward eacli otlier, 
either tbrongh the particles of tbe steel or through sur- 
rounding space. Tbe experiment we have adduced (28), 
fig. 16, is higbly illnstrative of tbis kind of action : the 
ferruginons particles being evidently bent into cnrves, and 
apparently nniting the forces in points similarly placed on 
each side of the magnetic centre. When, therefore, we pre- 
sent to one extremity (jp, fig. 112) of a magnet A a mass of 
iron B, capable of assmning the magnetic state or otherwise, 
the opposite pole of another magnet, we divert, as it were, 
some portion of the force resident in that extremity jp from 
its previons direction towards the centre of the bar A, and 
cause it to act in the direction of the opposed iron or other 
opposed polarity, as appears strongly indicated in fig. 17 
(28). And this it is which constitutes the reciproca! or 
reflected force jp (fig. 112), to which we have just adverted ; 
and it is npon these two forces that the reciprocal force 
between the two bodies depends. 

210. This species of reverberation of force between the 
opposed poles, having once commenced, may still continne ; 
that is to say, a secondary wave or reverberation may pro- 
ceed from the new force j?, which, reaching the iron, is 
again reflected back npon the magnetic pole, calling into 
activity a still ftirther portion of the opposite force in the 
direction of the iron ; each reverberation becoming weaker, 
nntil the wave vanishes, as it were, into rest. 

The late Mr. Murphy, of Cains CoUege, Cambridge, ap- 
plies, in his profonnd mathematical work on *Electricity and 
Heat,' a somewhat similar principie to tTa^ ^^i'&ot^ <ii ^'^'^i- 
tncal action, and which he terma * PxmevpVft oi ^\xft^'^s««^ 

L 
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Influences.' Professor W. Thomson also, of the Olasgow 
Universiţy, resorts to a view of this kind, conceiving ihaJb 
in the reciprocal force of attractîon, as exerted between a 
charged and neutral body, certain images or reflections of 
power are prodnced within the opposed condnctors, and 
which become perpetoated în a way similar to that of reflec» 
tions between two mirrors.* 

How, or in what way, the kind of inflnence to which 
we have just adverted (208) commences, or whence it 
first proceeds, has never yet been fully explaîned. The firet 
action may, for anything we know to the contrary, proceed 
from the influence of the îron on the magnet ; the magnet 
being a body in a peculiar conditîon, which renders it sen- 
sible of impressions &om ferruginous matter. Hence may 
arise that determination of a given portion of the polarily 
next the iron which we have jusfc described (209), andupon 
which may depend a subsequent and similar determination 
of the opposite polarity resident in the iron toward the 
magnet, and a retiriag, as it were^ of the similar polariiy 
in the reverse direction. In whatever way, however, these 
two inductions arise, they are evidently the immediate 
source of the reciprocal attraction as observed to arise 
between the opposed bodies : this appears in great measure 
evident in fig. 17 (28). On the contrary, when these in- 
ductive actions do not arise, or if they be resisted by any 
existing magnetic condition, then not only is there an ab* 
sen ce of all apparent force, as we perceive in presenting to 
the pole of a magnet any non-magnetic body (50), but a 
totally opposite force ensues : the bodies actually repulse 
each other; as also fally indicated in ^g, 18 (28). More? 
over, it may be shown, that the attractive force between a 
magnetic pole and soft iron is only in proportion to the 
induction of which the iron is susceptible, whatever the 
amount of permanent magnetic development in the steeL 

* 'JJndîmentaiy Electricity' (10\), v- ^^5» ^^^^"^^^ ^^'^"^^^- 
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Magnetic attractions and repnlsions, then, as commonlj 
observed, being the result of a species of inductive rever- 
beration (208) between opposed magnetic bodies, it follows 
that, in order to arrive at a correct view of tliis species of 
force, and determine the law of its action, we must neces- 
sarîlj commence with an investigation of the laws and 
operation of the elementary forces of induction. 

211. The magnetometer abeady described (125),fig. 82, 
and the simple balance-beam adverted to (37), fîg, 29, are 
well adapted to the measurement of these and other mag- 
netic forces. The first has been very fully explained in all 
its details (125) ; the latter, "when applied to very refîned 
purposes, should be mounted on friction-rollers, such as 
shown fîg. 81 (125), and the whole of the framework, with 
its attached arc, be sustained on a central sliding column of 
support, the altitude of which can be varied by means of 
rack-work, as in the column of the magnetometer, fig. 82, 
so as to change the distance readily between the small trial 
cylinder t (fîg. 113), 

or other body sus- ^'^'c]! ^' 

pended from one of 
the arms, and any 
other magnetic sub- 
stance m brought to 
actonit. The general 
arrangement is repre- 
sented in the annexed 
figure, the framework 
and column of sup- 
port being omitted, 
in order to avoid 
complication. In the 
instrument as here 
shown, the suspended 
bodies play freely on two pins run transvec^ţiS ^^ a ^sAli 
throngb alîta cub in the extremities o£ ftiia \ie«ci, ^\âs^S& 

L 2 
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16 inclies long. The scale-pan s is supported on a small 
circular plane, set on a sliding-piece u, so as to admit of 
adjustment. The arc x o y îb the ţ part of a circle, and îs 
divided into 100 parts on each side the centre o, whîch îs 
marked zero ; the radius of the arc is 16 inches, the index î 
is neatly formed of three or four pieces of reed straw, termî- 
nating in a fine bristle ; it is attached to the balance at c by 
insertion on a brass pin projecting from a light brass bând 
encircling the beam, and through which the axis passes. 
The forces corresponding to any given number of degrees 
of the arc are determined experimentally by placing small 
weights, either in the scale-pan at s, or on the suspended 
iron L The axis being a little above the centre of gravily 
of the beam, the balance does not immediately overset, 
but admits of a given inclination : the forces in this case 
vrill be very nearly as the small angles at which the beam 
inclines; so that the degrees of the arc measuring these 
angles will be nearly as the weights inclining the beam. 
Attractive forces are measured on the arc in direction o a;, 
repulsive forces in the opposite direction o y, 

This balance is only applicable to the measurement of 
very small forces, such as those exerted by magnets and iron 
at distances approaching the limit of action. In the appli- 
cation of it, we employ precisely the same kind of apparatus 
for sustaining the magnets and iron as that already de- 
scribed for the Hydrostatîc Balance (125). 

212. The direct and reciprocal forces of induction (209) 
are examined by these instruments according to the methods 
described (127, 128, 129). To determine the law of the 
direct induction (33), the magnet and iron are attached to 
a divided scale (fîg. 85), and then brought under the trial 
cylinder ; so that in making the distance a h constant, and 
varying the distance n s, the rate of increase or decrease 
of the induction upon the near extremity s of the inter- 
mediate iron, as measured by the distant and associated 
polaiity at h, may be pretty fairly estimated ; the recîprocal 
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attraction between tlie trial cylinder a and tlie indnced 
pole h will, as observed by Newton (180), entirely result 
&om the intermediate iron ; hence we may infer, all other 
things being tbe same, that the proximate induction at s 
will vary witb the distant polarity at 6. When the bodies 
are laid horizontallj, as in the 
annexed fig. 114, the trial cylin- ^^S- H*» 

der t is immediately over the dis- ^ 

tant extremity of the iron, the 
force being taken through a short 
cylindrical armature a, Fig. 85 
(129) is further illustrative of 
this experiment. To measnre the 
reflected force (37), we first ob- 
serve the degrees of attraction 

between the pole of a magnet and the trial cylinder <, either 
placed vertically, as in fig. 114, or horizontally, as in the 
annexed fig. 115. A mass of 
iron m, or the opposite pole of a •^*^' ^^^' 

permanent magnet, is then caused |^ 

to approach the pole jp of the ' ţ 

magnet m, through certain mea- 
snred distances, as before : this 
will cause the index to decline 
(37). Now the degrees of de- 
clination may, within certain 
limits, be taken as a measnre of 

the reciprocal force of the indnced pole n upon the pole p 
of the magnet m, the distance of the trial cylinder t being 
constant, and the force allowed to operate through a short 
cylindrical armature of soft iron, as before. 

The forces of induction may in all these cases be consi- 
dered as proporţional to the square roots of the degrees of 
attraction, as given by the instrument, since by a law of 
charge which has been fuUy established in similar electrical 
actions,* and which we shall further show as equally true 

* ' Kudimentary Electricity * (102),*p. 117, secotid «ăÂ^Asyoi. 
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attraction between tlie trial cylinder a and tlie induced 
pole h will, as observed by Newton (180), entirely result 
&om tbe intermediate iron ; lience we may infer, all otlier 
thJTigs being tbe same, that the proximate induction at s 
will vary with tbe distant polarity at h, When the bodîes 
are laid horizontally, as in tbe 
annexed fig. 114, the trial cylin- ^^S« 11*« 

der t is immediately over the dis- ^ 

tant extremity of the iron, tbe 
force being taken tbrougli a sbort 
cylindrical armature a. Fig. 85 
(129) is further illustrative of 
this experiment. To measure the 
reflected force (37), we first ob- 
serve tbe degrees of attraction 

between the pole of a magnet and the trial cylinder /, either 
placed vertically, as in fig. 114, or horizontally, as in the 
annexed fig. 115. A mass of 
iron m, or the opposite pole of a 
permanent magnet, is then caused 
to approach the pole jp of the 
magnet M, through certain mea- 
sured distances, as before : this 
will cause the index to decline 
(37). Now the degrees of de- 
clination may, within certain 
limits, be taken as a measure of 

the reciprocal force of the indnced pole n upon the pole p 
of the magnet m, the distance of the trial cylinder t being 
constant, and the force allowed to operate throngh a short 
cylindrical armature of soft iron, as before. 

The forces of induction may in all these cases be consi- 
dered as proporţional to the square roots of the degrees of 
attraction, as given by the instrument, since by a law of 
charge which has been fully established in simiLar elec.t?cv5îî>L 
M^ons,* and which. we shall farttieT dcvo^ «^a ^ţ^^aî^ \jc^^ 

* 'Bndîmentary Electricity ' (10^),'^. "^"^T i ^e^coTi^ ^\^\Q^- 
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for magnetic actîons, the force is as the sqnare of ihe 
qnantitj of magnetism in operation. 

213. It appears by an extensive series of experimenta 
condncted in tbis way, tbat a limit exists in respect of these 
elementary inductive forces, different for different magnets, 
and varying with the magnetic conditions of the experiment^ 
toward "which the incrementa in the force continnaDy ap- 
proach with greater or less rapidity, as the distanco p n 
(fig. 112) is diminished, as if the opposed bodies were only 
susceptible of a given amonnt of magnetic change. 

TaJdng the force toward the limit of the action, the 
amount of indnction is in some inverse ratio greater than 
that of the simple distance ; it was not fonnd, however, în 
any case which conld be satisfactorily determined, to exoeed 
the inverse sesqnipHcate ratio, or f power of the distance 
(176). As the distance becomes diminished, the induction 
approaches the inverse simple ratio of the distance (175), 
and varies commonly according to that law. At less dis- 
tances, the indnction begins to vary in some ratio less than 
that of the simple distance inversely, such, for example, 
as the f power of the distance inversely (176). At small 
distances the indnction was generally observed to be as the 
]f power, or sqnare roots, of the distances inversely (175) ; 
thns causing corresponding changes in the general law of 
attraction reciprocally exerted between the opposed bodies. 

When the convergence is slow, the law of the indnced 
forces may be taken for a long series of terms as constant ; 
but shonid any circumstance interfere to accelerate the con- 
vergence, such as a particular texture or condition of the 
magnetic steel or iron, or a high magnetic power, then the 
law of force may appear subject to irregularity. As a general 
result, however, we may conclude that the elementary force 
of magnetic induction is as the magnetism directly, and 
from the ^ to the f power of the distance inversely. 

£14, Thls nnderstood, let ua see how far these results 
majr be applied in explanation oî tW ââSetena^^arw^ cjiiw^îfe 
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experimentally deduced by the many eminent pliilosophers 
wlio have turned their attention to this important qnestion. 

Let A, fig. 172 (208), represent a magnet opposed to a 
similar mass of iron b, at some given distance p n, Let 
the small space n be taken to represent the direct indnetion 
on tbe near extremiiy of the iron B, and the small space p 
the reciproca! or reflected induction on the near pole of 
the magnet a ; and snppose that everj magnetic partide in 
n afctracts overy magnetic partide in _p, and reciprocally. 
Moreover, let all the particles in n^^ay and all the particles 
in^ = &, and take distance _2^ ?i as a nnit oî distance; then, 
total force at this distance =1 will be represented hy axh 
^=a &. For the attraction of one partide of ^ to all the 
particles in p wi!! be as &, the attraction of two particles 
of w to all the particles of p will be as 2 J, of three par-s 
ticles as 3 &, of m particles as m 5, so that if b repre- 
sent all the particles, and m=a, the total force will be 
=a h, 

Suppose, now, we decrease the distance. Let the dis- 
tance, for example, be reduced to one-half p n^ the magnet 
A being brought np to the line c d ; then, supposing the 
indnction to vary as the simple distance inversely (213), 
n will become 2 7^, and p will become 2 p. In this case caJl 
the particles în ?i = 2 a, and the particles in p=:2h; then, 
considering 2 a and 2 6 as double particles, we have 
attraction of one donble partide in n for all the donble 
particles in j?, as 2 & ; of two double particles in 7^, for all 
the double particles in ^, as 2 x2 &=4 & ; of three double 
particles as 3x35 = 9&; and so on to m particles, which 
will be as îw X 2 & = 2 m &. If 7>i = 2 a, the total force wiH 
be represented by2 ax2 & = 4a& = 2^a&. 

Let distance jpt2.be now further reduced. Suppose it re- 
duced to ^ j> w, and that the magnet be now brought up to 
the line ef. Then, according to the same law of induction, 
-wbecomes 3 n, and reflected force p becomes 3 p, Reason- 
ing as befor£ţ, we have total force=âax^b^=.^a"b'=^a\> 
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If distance be now dixninislied to ^p n, we liave sîmilarly 
toia.1 force represented by4ax4 5 = 16 a 5=4*a55 and 
80 on. 

Taking, therefore, first force a & as a tmit of force, and 
distance p n as & nnit of distance, we liave, at distances 1, 
i> 3> i> <^C' *^® corresponding forces 1, 2\ 3*, 4*, &c. ; that 
is to say, the forces are in the inverse duplicate ratio of 
the distances (1^5), according to tlie law of Lambert and 
Conlomb. 

Exjp. 53. Tbis law may be verified experimentaJly by 
placing a magnet, fig. 113 (211), immediately nnder the 
trial cylinder t, and taking the forces within a range of 
abont ^ to f of the sensible limit of action. Thns the 
forces and distances, as deduced by the hydrostatic mag- 
netometer (125), were asfoUow ; the distances being taken 
in tenths of an inch, the forces in degrees : — 

Distances . . . . 12 10 8 6 5 
Forces 2 3 6 85 12 

216. We will now take a case in which the indnced 
forces, in approaching a limit (213), are no longer in the 
inverse ratio of the simple distances, but as the ^ power, 
or sqnare roots, of the distances inversely. Then, taking 
a nnit of force = a 5, and the nnit of distance = jp w, and 
reasoning as before, snppose in decreasing the distance to 
line c d, that is, to ^ the former distance, indnced force w, 
instead of becoming 2 n, is now only 1*4 n, or nearly, 
whilst j?, instead of becoming 2 p, is now only 1*4 jp, that 
is, the sqnare roots of the distances inversely. In this 
case, calling force at distance nnity= a &, we have force at 
distance J = l*4 ax 1*4 & = 2 a h nearly. Similarly, in 
decreasing the distance io ^p n, n becomes 1*73 w, instead 
of 3 riy and^ becomes 1*73 p, instead of 3 jp, and we have 
for total force at distance §^ = 1*73 ax 1'73 h = d ah; and 
so on. Thns, whilst the distances are 1, |-, J, &c., the 
forces are 1, 2, 3. In this case, the reciprocal forces of 
attraotion are as the distances mvoimeVy (V?^^> ^a^iot^ccajg^ 
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to the law observed by Mnsclienbroek (184), cases 1 and 
2 ; CBpinus, 'Tent. Theor. Electr, et Magn.' 301, &c., also 
arrived at a similar result. 

Bxjp, 64. This law may be fuUy verified by experiment, 
as in tbe preceding case, by taking the force and distances 
within about one-tbird tbe sensible limit of action. Thns, 
with a given magnetic power, the distances being 4 and 2, 
the forces were 8 and 16. In comparing the distances and 
forces with magnets of low power, especially in cases of 
magnets by induction, the forces are generally as the dis- 
tances inversely. Let, for example, the distance s n, fig. 
85 (129), be made constant, and distance a h varied, the 
reciprocal forces of attraction between a and h will be 
almost invariably as the distances inversely. 

216. Should the indnced forces in any case vary in some 
other inverse ratio of the distance — snppose, for example, 
it should approach the f power of the distance, which it 
may (213) — ^then, on diminishing distance to the line c d 
(fig. 112) =-^ distance p n, force n will become 1*68 n 
instead of 2 n, and force p will be 1*68 p instead of 2 jp, and 
we should have the total force at distance ^ expressed by 
1*68 a X 1*68 5=2'8 a b nearly. Similarly at distance J it 
would be 2*8 a x 2'8 h = 7*84 a h ; since, according to the 
tsame law, n would become 2*8 n, and p would become 2*8 
jpy instead oî Z n and 3 p (214), and so on. In this case, 
whilst the distances are 1, ^, ^, the forces are 1, 2*8, 7*8 ; 
that is to say, they are in the inverse sesquiplicate ratio, or 
§ power, of the distances, according to the law deduced by 
Martin in three very unexceptionable experiments (188) : 
that is to say, at -^ and ^ the distance, the forces become 
nearly 3 times and 5 tîmes as great (175). 

Eap. 55. This result may be verified, as in the preceding 
experiments, by noting the distances and forces within about 
^ and f of the sensible limit of action. Thus, at distances 
8 and 4, the forces were 5 and 14, being in the ulv^wa ^'^'^s*- 
qmplîcate ratio of the distance, ot ^erj u'eaîcVY» 
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217. When the induced forces vary in any inverse ratio 
greater than tliat of tlie simple distance, we obtain laws of 
force in an inverse ratio greater than that of the second 
powers. Let, for example, the induced forces approacli tlie 
% powers of the distances inversely (213), so that on re- 
dncing distance p nto j^, n becomes 2*83 n ; at distance ^ 
it becomes 5*2 n, and so on ; instead oî 2 n and 3 n, aa in 
the fîrst case. And let force p vary similarly; then we 
have force at distance J=2-83 a x 2*83 5=8 a &=23 a 6 ; at 
distance ^ it would be 5*2 a x 6*2 &=27 a 6=3* a 6, and so 
on : that is to say, taking a & as a nnit of force at a nnit of 
distance =p n^ as before, we have at distances 1, J, §^, the 
corresponding forces 1, 2®, 3*, &o., that is, 1, 8, 27 ; by 
which we perceive that, as the distances decrease, the forces 
increase in the proportion of the cnbes of the distances 
inversely (174) ; being the law of force given by Sir Isaac 
Newton, 

Exp, 66. We may verify this result experimentally by 
taking the forces and distances from abont f to ^ of the 
limit of action. The balanced beam (fig. 82, p. 128) is 
well adapted to this experiment ; and if we substitute a 
small magnet for the trial cylinder t, so as to extend the 
limit of action, then this law will become very apparent. 
Thus, at a distance of six inches, the force was observed to 
be 2° ; at 3 inches it increased to 16°. 

218. By taking the induced forces p nin. some other in- 
verse ratio (213), we may in a similar way obtain a law of 
force such as found by Brook Taylor, Whiston, and 
Hawksbee. Suppose, for example, that at distance J, n 
becomes 2*37 times as great, and that jp varies with it, we 
should then have the total force at distance ^ = 2*37 a x 
2*37&=5*6a& nearly, which would be as the square root 
of the fifth power of the distance inversely (175), and 
which result may frequently be obtained in taking the forces 

and diatancea within limits from about the f to f of the 
sensible dîatajice of action. 
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If magnetic forces could be satisfactorily traced to the 
Hmits of their vanishing points, we miglit probably obtain 
laws of force in the inverse ratio of the fourth or fifth 
powers of the distances; at least there appears no reason to 
snppose that the law of the inverse cube of the distance is 
the ultimate law of this species of force, snpposing it to 
depend on the mutual play of the inductive actions we have 
described (208, 213). 

219. It may be, perhaps, as well to remark here, that in 
«11 these laws of force as thus deduced, and which differ from 
that of the inverse square of the distance, the same result 
jnsLj be arrived at in supposing a limit to one only of the 
forces (208). If we suppose, for example, the reflected force 
j) (fig. 112) to change so little at small distances from 
the magnet as to admit of being taken as constant, the» 
the total force would vary with the other ; that is to say, it 
would be as the distance inversely, supposing the direct 
force to continue according to that law (213). Thus (215), 
suppose at distance ^, force n became 2 n, whilst force p 
remained unchanged, we should then, calling force at a unit 
of distance a x &, as before, have the force at distance 
J=2a x& = 2a&; that is to say, the distances being as 
2:1, the force would be as 1 : 2. A similar reasoning ap- 
pHes to all the other cases (216, 217, 218). It is, however, 
more in accordance with observation to suppose the two 
forces to vary together. 

220. The reciprocal attraction between the opposite poles 
of two magnets diflfers only from that of the force exerted 
between a magnet and iron in degree of distant action, not 
in kind. Bj the presence of permanent polarities in both the 
opposed surfaces, instead of in one only, the inductions upon 
which the subsequent attraction depends are greatly facili- 
tated. In the force as exerted between a magnetic pole and 
mere iron, the pole n, fig. 112 (208), upon which the reflected 
force depends, has first to be produced ; that is to say, the 
magnetic forcea resident in tlie iron. (1^"^ Ta>3LS»\i \i^ %^%\. 
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the force, whîcli, under the ordinary condiţiona of magnetized 
Bteel, ia directed towarda the centre of the magnet (28), be- 
comea now determined toward the iron in direction p n. 

Theae changea, indnced in the magnetiam of the two 
bodiea, have been conaidered by aome writera aa caanal and 
diaturbing forcea, anperadded, aa it were, to the primary 
magnetic action, whichthey imagine to be a diatinct power, 
or emanation, aa it were, from a centre, and operating in the 
way of other central forcea (178). Michell had evidently 
adopted thia view (189) ; aa alao Dr. Robiaon, who thinka 
that the phenomena of magnetic attraction and repnlaion, 
aa commonly obaerved, are not calculated to develop the 
real law of magnetic force : * For in the experimenta made 
on attraction at difierent diatancea, the magnetiam ia con- 
tinnally increaaing, and hence the attraction will appear to 
increaae in a higher rate than the juat one ; ' and that, 
hence, ' the obaerved law mnat be different from the real 
law.' * If we look, however, very narrowly into the nature 
of thia kind of phyaical force, we ahall immediately peroeive 
that it ia altogether an indnctive proceaa. Indnction, aa 
obaerved by Faraday, in reapect of electricity, f is the ea- 
aential fnnction of all magnetic development. So far, 
therefore, from theae induced acţiona being merely anper- 
added or distnrbing forcea, they are the very eaaence of the 
force itaelf. It ia, in fact, the mutual play of theae inductive 
powera which conatitutea magnetic action in all ita variety 
of form ; we recogniae no other action in the obaerved phe- 
nomena of magnetic attractiona and repulaiona ; and it ia 
hence to the lawa of theae induced changea to which we 
must look for an intelligible development of what we have 
termed the general law of magnetic force. 

209. It ia here to be remembered that we know nothing 
of that peculiar condition of ateel we term magnetic, except 
through the medium of ita efiecta upon ferruginoua bodies. 

* 'Jifeciianical Philosophy,* v6\. Vy. 'ţî^.'in wi^î'îS, 
f 'JResearches in Electricity,' in%. 
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We may, however, infer, as already explaîned (14), that m 
a magnetized bar two forces are developed, the tendency of 
wliicli is to recombine and restore the condition of neutrality 
Tuider whicli tbey previonsly existed. Taking, tberefore, a 
magnetic bar apart from the influence of all other femt- 
ginons matter, we may consider the action of these op- 
posite forces as being directly npon or toward each other, 
either through the particles of the steel or through sur- 
rounding space. The experiment we have adduced (28), 
fig. 16, is highly illustrative of this kind of action : the 
ferruginons particles being evidently bent into cnrves, and 
apparently uniting the forces in points similarly placed on 
each side of the magnetic centre. When, therefore, we pre- 
sent to one extremity (j?, fig. 112) of a magnet A a mass of 
iron B, capable of assnming the magnetic state or otherwise, 
the opposite pole of another magnet, we divert, as it were, 
some portion of the force resident in that extremity jp fpom 
its previons direction towards the centre of the bar A, and 
canse it to act in the direction of the opposed iron or other 
opposed polariiy, as appears strongly indicated in fig. 17 
(28). And this it is which constitutes the reciprocal or 
reflected force p (fig. 112), to which we have just adverted ; 
and it is upon these two forces that the reciprocal force 
between the two bodies depends. 

210. This species of reverberation of force between the 
opposed poles, having once commenced, may still continue ; 
that is to say, a secondary wave or reverberation may pro- 
ceed from the new force ^, which, reaching the iron, îs 
again reflected back upon the magnetic pole, calling into 
activity a still fdrther portion of the opposite force in the 
direction of the iron ; each reverberation becoming weaker, 
nntil the wave vanishes, as it were, into rest. 

The late Mr. Murphy, of Caius College, Cambridge, ap- 
plies, in his profound mathematical work on 'Electricity and 
Heat,' a somewhat similar principie to \\ie ^ik^^icsir^ Okl ^<5i"ţi- 
trîcal actioD, and which. he terma * Px\iic;V^<a oi ^\xa^iR»î»^^ 
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Influences.' Professor W. Thomson also, of the Glasgow 
University, resorts to a view of this kind, conceîving thafc 
in the reciprocal force of attractîon, as exerted between a 
charged and neutral body, certain images or reflectîons of 
power are produced within the opposed condnctors, aud 
which become perpetuated in a way similar to that of refloc* 
tions between two mirrors.* 

How, or in what way, the kind of inflnence to which 
we have just adverted (208) commences, or whence it 
first proceeds, has never yet been ftilly explaîned. The first 
action may, for anything we know to the cantrary, proceed 
from the influence of the iron on the magnet ; the magnet 
being a body in a peculiar condition, which renders it sen- 
sible of impressions from ferniginons matter. Hence maj 
arise that determination of a given portion of the polaritj 
next the iron which we have just described (209), and npon 
which may depend a subsequent and similar determination 
of the opposite polarity resident in the iron toward the 
magnet, and a retiring, as it were, of the similar polaritjr 
in the reverse direction. In whatever way, however, these 
two inductions arise, they are evidently the immediate 
source of the reciprocal attraction as observed to anse 
between the opposed bodies : this appears in great measnre 
evident in ^g, 17 (28). On the contrary, when these in- 
ductive actions do net arise, or if they be resisted by any 
existing magnetic condition, then not only is there an ab- 
sence of aU apparent force, as we perceive in presentiffLg to 
the pole of a magnet any non-magnetic body (50), but a 
totally opposite force ensues : the bodies actually repulse 
each other ; as also fnUy indicated in fig. 18 (28). More- 
over, it may be shown, that the attractive force between a 
magnetic pole and soft iron is only in proportion to the 
induction of which the iron is susceptible, whatever the 
amount of permanent magnetic development in the steeL 

* ' Jlndîmentajry Eiectricity ' (101), v- ^^^> at^ioxA t^^oa. 
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Magnetic attractions and repulsions, then, as commonly 
observed, being the result of a species of inductive rever- 
beration (208) between opposed magnetic bodies, it follows 
that, in order to arrive at a correct view of tbis species of 
force, and determine tlie law of its action, we must neces- 
sanlj conmience with an investigation of the laws and 
operation of the elementary forces of induction. 

211. Tbe magnetometer abeady described (125), fig. 82, 
and the simple balance-beam adverted to (37), fig. 29, are 
well adapted to the measurement of these and other mag- 
netic forces. The first has been very fiilly explained in all 
its details (125) ; the latter, when applied to very refined 
purposes, should be mounted on friction-rollers, such as 
shown fig. 81 (125), and the whole of the framework, with 
its attached arc, be sustained on a central sliding column of 
support, the altitude of which can be varied by means of 
rack-work, as in the column of the magnetometer, fig. 82, 

so as to change the distance readily between the small trial 

cylinder t (fig. 113), 

or other body sus- 

pended from one of 

the arms, and any 

other magnetic sub- 

stance m brought to 

actonit. The general 

arrangement is repre- 

sented in the annexed 

figure, the framework 

and column of sup- 
port being omitted, 

in order to avoid 

complication. In the 

instrument as here 

shown, the suspended 

bodies play freely on two piua mu traus^et^^ ^ a «x^Ai 
tbrougb sJita cnt in the extremitiea oţ Wi<& 'Vife^ani^'^^svs^'^^ 

X.2 




I 
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16 inches long. The scale-pan s is supported on a small 
circular plane, set on a sliding-piece u, so as to admit of 
adjustment. The arc x o y is the ^ part of a cîrcle, and is 
divided into 100 parts on each side the centre o, which îs 
marked zero ; the radius of the arc is 16 inches, the index l 
is neatly formed of three or four pieces of reed straw, termî- 
nating in a fine bristle ; it is attached to the balance at c hy 
insertion on a brass pin projecting from a light brass bând 
encircling the beam, and through which the axis passes. 
The forces corresponding to any given number of degrees 
of the arc are determined experimentally by placing small 
weights, either in the scale-pan at s, or on the suspended 
iron L The axis being a little above the centre of gravity 
of the beam, the balance does not immediately overset, 
but admits of a given înclination : the forces in this case 
vnll be very nearly as the small angles at which the beam 
inclines; so that the degrees of the arc measuring these 
angles will be nearly as the weights inclining the beam. 
Attractive forces are measured on the arc in direction o Xy 
repulsive forces in the opposite direction o y. 

This balance is only applîcable to the measurement of 
very small forces, such as those exerted by magnets and iron 
at distances approaching the limit of action. In the appli- 
cation of it, we employ precisely the same kind of apparatus 
for sustaining the magnets and iron as that alroady de- 
scribed for the Hydrostatic Balance (125). 

212. The direct and reciprocal forces of induction (209) 

are examined by these instruments according to the methods 

described (127, 128, 129). To determine the law of the 

direct induction (33), the magnet and iron are attached to 

a divided scale (fig. 85), and then brought under the trial 

cylinder ; so that in making the distance a h constant, and 

varying the distance N s, the rate of increase or decrease 

of tbe inânction upon the near extremity s of the inter- 

medîate iron, as measured by tlae dia\.axi\. «s\3l ^^^oQÎated 

polarity at b, may be pretty faîr\y ealVm^\fe^ \ Sk^^ t^cv^tqr»^ 
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attraction between tlie trial cylinder a and tlie induced 
pole h will, as observed by Newton (180), entirely result 
from the intermediate iron ; Iience we may infer, all otlier 
ihings being tbe same, that the proximate înduction at s 
will vary with the distant polarity at &. When the bodies 
are laid horizontally, as in the 
annexed fig. 114, the trial cylin- ^^S« 11*« 

der t is immediately over the dis- ® 

tant extremiiy of the iron, the 
force being taken through a short 
cylindrical armature a. Fig. 85 
(129) is further illustrative of 

this experiment. To measure the ^ 

reflected force (37), we first ob- |g^- — 

serve the degrees of attraction 

between the pole of a magnet and the trial cylinder /, either 

placed vertically, as in fig. 114, or horizontaUy, as in the 

annexed fig. 115. A mass of 

iron m, or the opposite pole of a 

permanent magnet, is then cansed 

to approach the pole jp of the 

magnet M, through certain mea- 

sured distances, as before : this 

will canse the index to decline 

(37). Now the degrees of de- 

clination may, within certain 

limits, be taken as a measnre of 

the reciprocal force of the indnced pole n upon the pole jp 

of the magnet m, the distance of the trial cylinder t being 

constant, and the force allowed to operate throngh a short 

cylindrical armature of soft iron, as before. 

The forces of induction may in all these cases be consi- 
dered as proporţional to the square roots of the degrees of 
attraction, as given by the instrument, since by a law of 
charge which has been fully established in similar elecixrlcaL 
acţiona,* smâ. Yfhi(^ we shall farttxer âcio^î «^a ^o^^îă^ ^jţ^^ft 

* 'JBndimentaiy Electricîty ' (102);p. Wl , ^^^otl^ ea:\>iSss^« 
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for magnetic actions, the force is as the sqnare of ihe 
qnantîty of magnetism in operation. 

213. It appears by an extensive series of experimenta 
condncted in tbis way, tbat a limit exists in respect of these 
elementary inductive forces, different for different magnets, 
and varying with the magnetic conditions of the experîmeni^ 
toward "which the increments in the force continnalfy ap- 
proach with greater or less rapidity, as the distanco p n 
(fig. 112) is diminished, as if the opposed bodies were only 
susceptible of a given amonnt of magnetic change. 

TaJdng the force toward the limit of the action, the 
amount of indnction is in some inverse ratio greater than 
that of the simple distance ; it was not fonnd, however, în 
any case which conld be satisfactorily determined, to exoeed 
the inverse sesqniplicate ratio, or f power of the distance 
(176). As the distance becomes diminished, the indnction 
approaches the inverse simple ratio of the distance (175), 
and varies commonly according to that law. At less dis- 
tances, the indnction begins to vary in some ratio less than 
that of the simple distance inversely, such, for example, 
as the f power of the distance inversely (176). At small 
distances the indnction was generally observed to be as the 
jf power, or sqnare roots, of the distances inversely (175) ; 
thns causing corresponding changes in the general law of 
attraction reciprocally exerted between the opposed bodies. 

When the convergence is slow, the law of the indnced 
forces may be taken for a long series of terms as constant ; 
but shonld any circnmstance interfere to accelerate the con- 
vergence, snch as a particular texture or condition of the 
magnetic st«el or iron, or a high magnetic power, then the 
law of force may appear subject to irregularity. As a general 
result, however, we may conclude that the elementary force 
of magnetic indnction is as the magnetism directly, and 
from the ^ to the f power of the distance inversely. 

£14, Thîs imderstood, let na see how far these results 
majr be applîed in explanation oî tV^o diSetetA.'Ww^ oliot^i» 
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experimentally deduced by the many eminent philosopliers^ 
wlio have tumed their attention to this important qnestion. 
Let A, fig. 172 (208), represent a magnet opposed to a 
fiimilar mass of iron b, at some given distance p n, Let 
the small space n be taken to represent the direct indnctîon 
on the near extremitj of the iron B, and the small space jp 
the reciproca! or reflected induction on the near pole of 
the magnet a ; and suppose that eveiy magnetic partide in 
n attracts overy magnetic partide in _p, and reciprocally. 
Moreover, let all the particles in ?i=a, and all the particles 
iii^ = &, and take distance _2^ ?i as a nnit of distance; then, 
total force at this distance =1 will be represented by a x 6 
r=ah. For the attraction of one partide of ^ to all the 
particles in p -will be as h, the attraction of two particles 
of w to all the particles of p will be as 2 &, of three par- 
ticles as 3 &, of m particles as m 5, so that if h repre- 
sent all the particles, and m=a, the total force will be 

Snppose, now, we decrease the distance. Let the dis- 
tance, for example, be reduced to one-half p n, the magnet 
A being bronght up to the line c d ; then, snpposing the 
indnction to vary as the simple distance invers ely (213), 
n will become 2 7^, and p will become 2 p, Jn this case caii 
the particles în ?i = 2 a, and the particles in 2> = 2 & ; then, 
considering 2 a and 2 & as double particles, we have 
attraction of one double partide in n for all the donble 
particles in j?, as 2 6 ; of two donble particles in n, for all 
the donble particles in |), as 2 x2 &=4 & ; of three donble 
particles as 3x36 = 9&; and so on to m particles, which 
wiU be as iw X 2 & = 2 m &. If 7>i = 2 a, the total force wiH 
be represented by2ax2 h=i4i ah=i2^ah. 

Let distance jpt2.be now fnrther reduced. Suppose it re- 
duced to ^p 7iy and that the magnet be now bronght up to 
the line ef, Then, according to the same law of induction, 
n becomes 3 n, and reflected force p becomes 3 p, Reason- 
ing as befor£ţ, we have total force=âax^b^=^a"b=^'^cx.'Vi 
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Jî distance be now dimînished to ^ p n, we have sîmilarly 
total force represented by4ax4 & = 16 a h =4j*a b; and 
Bo on. 

Taking, tlierefore, first force a & as a unit of force, and 
distance p n a,3 b, unit of distance, we liave, at distances 1, 
h h h ^^' *^® corresponding forces 1, 2^, 3*, 4*, &c. ; that 
is to say, the forces are in the inverse duplicate ratio of 
tlie distances (175), according to the law of Lambert and 
Coulomb. 

Ea^, 53. This law may be verified experunentally by 
placing a magnet, fig. 113 (211), immediately under tbe 
trial cylînder t, and taking the forces mthin a range of 
about ^ to § of the sensible limit of action. Thus the 
forces and distances, as deduced by the hydrostatic mag- 
netometer (125), were asfoUow ; the distances beingtaken 
in tenths of an inch, the forces in degrees : — 

Distances . . . . 12 10 8 6 5 
Forces 2 3 6 8-6 12 

215. We will now take a case in which the induced 
forces, in approaching a limit (213), are no longer in the 
inverse ratio of the simple distances, but as the ^ power, 
or square roots, of the distances inversely. Then, taking 
a unit of force = a &, and the unit of distance =z jpn, and 
reasoning as before, suppose in decreasing the distance to 
line c d, that is, to ^ the former distance, induced force ti, 
instead of becoming 2 n, is now only 1*4 n, or nearly, 
whilst jp, instead of becoming 2 _p, is now only 1*4 jp, that 
is, the square roots of the distances inversely. In this 
case, calling force at distance unity^ a &, we have force at 
distance ^ = 1*4 ax 1*4 & = 2 a h nearly. Similarly, in 
decreasing the distance to ^p n, n becomes 1*73 ?*, instead 
of 3 li, and j9 becomes 1*73 _p, instead of 3 1?, and we have 
for total force at distance J = l*73 ax 1"73 & = 3 a&; and 
so on. Thus, whiist the distances are 1, \, ^, &c., the 
forces are 1, 2, 3. In this case, the reciprocal forces of 
attraction are as the distances inveriely (175), according 
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to the law observed by Mnsclienbroek (184), cases 1 and 
2 ; OSpintis, *Tent. Theor. Electr, et Magn.' 301, &c., also 
arrived at a similar resnlt. 

Bx^. 64. This law may be fnlly verified by experiment, 
B.S in the preceding case, by taking the force and distances 
within abont one-third the sensible limit of action. Thns, 
mth a given magnetic power, the distances being 4 and 2, 
the forces were 8 and 16. In comparing the distances and 
forces with magnets of low power, especially in cases of 
magnets by indnction, the forces are generally as the dis- 
tances inversely. Let, for example, the distance s n, fig. 
85 (129), be made constant, and distance a h varied, the 
reciprocal forces of attraction between a and b wiU be 
almost invariably as the distances inversely. 

216. Should the induced forces in any case vary in some 
other inverse ratio of the distance — snppose, for example, 
it should approach the f power of the distance, which it 
may (213) — ^then, on diminishing distance to the line c d 
(fig. 112) = J distance p n, force n will become 1*68 n 
instead of 2 n, and force p will be 1*68 p instead of 2 p, and 
we should have the total force at distance ^ expressed by 
1*68 a X 1*68 &=2*8 a b nearly. Similarly at distance J it 
wonld be 2*8 a x 2*8 b = 7*84 a b ; since, according to the 
same law, n wonld become 2*8 n, and p wonld become 2*8 
jp, instead of 3 ?* and 3 p (214), and so on. In this case, 
whilst the distances are 1, ^, ^, the forces are 1, 2*8, 7*8 ; 
that is to say, they are in the inverse sesqniplicate ratio, or 
f power, of the distances, according to the law dednced by 
Martin in three very nnexceptionable experiments (188) : 
that is to say, at ^ and ^ the distance, the forces become 
nearly 3 tîmes and 5 times as great (175). 

Exp, 65. This resnlt may be verified, as in the preceding 
experiments, by notîng the distances and forces within abont 
^ and ţ of the sensible limit of action. Thns, at distances 
8 and 4, the forces were 5 and 14, being in the inverse ses- 
qniplicate ratio of the distance, or very nearly. 

l3 
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217. When the induced forces vary in any inverse ratio 
greater than that of the simple distance, we obtain laws of 
force in an inverse ratio greater than that of the second 
powers. Let, for example, the induced forces approach the 
^ powers of the distances inversely (213), so that on re- 
ducing distance p nto j^, n becomes 2*83 n ; at distance ^ 
it becomes 5*2 n^ and so on ; instead oî 2 n and 3 t^, as in 
the first case. And let force p vary similarly; then we 
have force at distance -^=2-83 a x 2*83 &=8 a &=:23 a6 ; at 
distance ^ it would be 6*2 a x 5*2 &=27 a 6=3^ a &, and so 
on : that is to say, taking a & as a nnit of force at a nnit of 
distance = j9 n, as before, we have at distances 1, j^, ^, the 
corresponding forces 1, 2', 3^, &o., that is, 1, 8, 27 ; by 
which we perceive that, as the distances decrease, the forces 
increase in the proportion of the cnbes of the distances 
inversely (174) ; being the law of force given by Sir Isaac 
Newton. 

Exp, 56. We may verify this result experimentally by 
taking the forces and distances from abont f to 4 of the 
limit of action. The balanced beam (fig. 82, p. 128) is 
well adapted to this experiment ; and if we substitute a 
small magnet for the trial cylinder t, so as to extend the 
limit of action, then this law will become very apparent. 
Thus, at a distance of six inches, the force was observed to 
be 2° ; at 3 inches it increased to 16°. 

218. By taking the induced forces p n in some other in- 
verse ratio (213), we may in a similar way obtain a law of 
force such as found by Brook Taylor, Whiston, and 
Hawksbee. Suppose, for example, that at distance -j^, n 
becomes 2*37 times as great, and that p varies with it, we 
should then have the total force at distance ^ = 2*37 a x 
2*37 &=5'6 a h nearly, which would be as the square root 
of the fifth power of the distance inversely (175), and 
which result may frequently be obtained in taking the forces 
and distances witbin Hmits &om about the ţ to f of the 
sensible distance of action. 
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If magnetic forces conld be satisfeictorily traced to the 
Hmits of their vanishing points, we might probably obtam 
laws of force in the inverse ratio of the fourth or fifth 
powers of the distances; at least there appears no reason to 
suppose that the law of the inverse cnbe of the distance is 
the nltimate law of this specios of force, snpposing it to 
depend on the mutual play of the inductive actions we have 
described (208, 213). 

219. It may be, perhaps, as well to remark here, that in 
aU these laws of force as thus deduced, and which differ from 
that of the inverse square of the distance, the same resulfc 
may be anived at in supposing a limit to ono only of the 
forces (208). If we suppose, for example, the reflected force 
j) (fig. 112) to change so little at small distances from 
the magnet as to admit of being taken as constant, then 
the total force would vaiy with the other ; that is to say, it 
would be as the distance inversely, supposing the direct 
force to continue according to that law (213). Thus (215), 
suppose at distance ^, force n became 2 n, whilst force p 
remained unchanged, we should then, caUing force at a unit 
of distance a x &, as before, have the force at distance 
^=2a x& = 2a6; that is to say, the distances being as 
2:1, the force would be as 1 : 2. A similar reasoning ap- 
plies to all the other cases (216, 217, 218). It is, however, 
more in accordance with observation to suppose the two 
forces to vary together. 

220. The reciprocal attraction between the opposite poles 
of two magnets differs only from that of the force exorted 
between a magnet and iron in degree of distant action, not 
in kind. Bj the presence of permanent polarities in both the 
opposed surfaces, instead of in one only, the inductions upon 
which the subsequent attraction depends are greatly facili- 
tated. In the force as exerted between a magnetic pole and 
mere iron, the pole n, fig. 112 (208), upon which the reflected 
force depends, has first to be produced ; that is to say, the 
magnetic forces resident in the iron (14) must be first 
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developed, and a portion of one of them determined in tlie 
direction of the magnet ; wliereas, in the reciprocal force 
between opposite magnetic poles, this portion of tlie attrac- 
tive process is already complete, and the remaining partis a 
determination of the opposite forces in each bar in the direc- 
tion of the opposed poles (209). In this case, the limit of 
the distance at which the forces act is very considerably 
increased ; by employing a smaJl and powerM trial magnot 
in the balanced beam, &g, 113 (211), we may obtain indi- 
cations of measurable force at a distance of 10 inches or 
more; with delicatelj snspended needles and large magnets, 
Scoresby obtained indications of force at distances of 50 or 
60 feet. 

221. If we proceed to investigate the laws of magnetic 
repnlsion, as exerted between similar magnetic poles (31), 
we shall find the same mutual play of reciprocal inductive 
force as in the case of attraction, with the exception that 
the tendency of the inductions is in a contrary direction to 
that of the existing magnetic developments, fig. 18 (28), 
and consequently to subvert the opposed poles. Now the 
resistance to this subversion by the already established 
polarities is probably the source of the repulsive effect (31). 
In conformity with this result, if we present to the pole 
of the magnet M (fig. 115), whilst acting on the trial cylin- 
der t, the similar pole of a second magnet m, the force on 
the trial cylinder will appear to increase. This is, in fact, 
the converse of the result already adverted to (212). 
Here the tendency of the induction is (14) to repulse the 
similar polarity, and so increase its operations in other direc- 
tions ; we could hence deduce the law of this induction by 
observing the increase or decrease of the force upon the 
suspended cylinder, as the distance between the two mag- 
netic poles is varied. 

Supposing the laws of the inductive force to be the same 
as before (213), let the similar poles of two magnets a b 
(fig. 112) be opposed to each other, and let the small space n 
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be taken to represent the amouiit of tbo subversive ten- 
dency on the magnet b, and the small space jp that on tbe 
magnet A; then, calling all the active magnetic particles in 
w=a, and all those in jp^&, and taking some distancej? n as 
a unit of distance, we have, according to a similar notation 
and reasoning before given (214), force at distance unity= 
a xb; snpposing the indaction to vary as the distance in- 
versely, and the polarity to remain unchanged, it will be at 
distance ^ = 2a X 2& = 2^a&=4a&; at distance ^ it will be 
= 3a X 3& = 3*a& =9a&, and so on, according to the law 
determined by Gonlomb (206) ; that is to say, the resolting 
force will be as the second powers of the distances inversely, 
and which may be verified experimentally by means of the 
two magnetic instmments (211) employed in all the pre- 
ceding experiments, similar instead of dissinular magnetic 
poles being opposed to each other, and a limit of distance 
being taken, snch as does not afifect the existing and esta- 
blished polarities. If in this, as in the former case of attrac- 
tion, we suppose the inductive action to vary (213), thenwe 
may obtain laws of force according to other inverse powers 
of the distance. In fact, we may suppose the induction 
to be such as wHl give any law of force consistent with the 
nature of magnetic action. It is not, however, probable, 
from the peculiar character of magnetic repulsion, that any 
law of force in a greater inverse ratio than that of the second 
power of the distance would be likely to obtain, althongh 
the force may be frequently found to vary, as is commonly 
the case, in a less ratio ; as, for example, in the inverse ratio 
of the simple distance, a very common law of repulsive 
force at comparatively small distances. 

222. We have further to observe, that from the circum- 
stance of the total repulsive power being dependent on the 
permanency of the opposed polarities, and on their relative 
intensity, we may infer, that in the case of opposed polari- 
ties of very unequal force, the weaker may, at some limit of 
distance, yield to the inductive action of the stronger, and so 
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an opposite, but we£^k, polarity may become induced upon 
the subversion* of the polarity before existing. In this case, 
the incrementa in the repulsive force would continue to 
decline, and the repulsion would at length be superseded 
by a weak attraction. This result is especially seen in 
Muschenbroek's experiments before quoted (187), and is 
«asily obtained by means of the hydroatatic magnetometer, 
with niagnets of very unequal force.* Indeed, it is no un- 
common case to find two niagnets repel at some distances, 
and attract at others. Even if we employ two niagnets of 
precisely equal power, the tendency is always to a mutual 
reversion of their poles ; and this tendency is so powerful, as 
the distance between them becomes considerably diminished, 
that in no case do they remain unchanged. Under such 
<5onditions, therefore, experiments with repelling poles of 
opposed magnets would be open to considerable disturbance, 
and the results, as observed by.Muschenbroek, not conform- 
able to any regular law of force (183). 

223. On a carefdl review, then, of these investigations, 
we find a fair solution of the seeming contradictions and 
differences in the results of experiments on the law of 
magnetic force by many eminent philosophers alike distin- 
guished for their scientific learning and experimental in- 
genuity ; and they appear to verify, in a remarkably clear 
and satisfactory manner, the truth of the deduction arrived 
at by the celebrated Brook Taylor, viz. * that magnetic 
attraction, as commonly observed, is quicker at greater dis- 
tances than at small ones, and different for different mag- 
nets ;' which, taking thefacts as theypresent themselvesin 
the ordinary way, is undoubtedly the case, and is, if the 
principles we have laid down bo exact, not merely an ex- 
perimental fact, but a necessary result of the elementary 
laws of magnetism (208, 213). 

It is, perhaps, to be regretted, that from a predisposition 

* ' Edinb. Phil. Trans.* iot \%^^ , ^. ^T • 
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to identify the law of magnetic attraciion with tliatof central 
forces generally, several profound writers have been led to 
qtiestion the accnracy of every result opposed to sucii a 
dediLCtion. Thus, it lias been said of Newton, who found 
the force of magnetism nearly as the cubes of the distances 
inversely (180), that he had very inaccnrate ideas of mag- 
netic phenomena.* It wonld be very difficnlt, however, to 
show from. the little which this great author has advanced 
on this subject in his immortal work, the * Principia,' in what 
bis notions were defective ; on the contrary, they appear to 
be in most perfect accordance with experiment, and true to 
the letter. In associating magnetic action with a law of the 
centrifogal forces of particles terminating in particles next 
them, Newton never pretended to offer any theory of mag- 
netism, but says, with his usual difl&dence, * whether elastic 
fluids do really consist of particles so repelling each other is 
a physical question ' which he leaves philosophors to deter- 
mine. On the other hand, the learned Dr. Robison is led 
to question the accuracy of all the results produced by 
Hawksbee, Brook Taylor, Muschenbroek, and others (1 81), 
conceiving them to have been defective and injudicious; and 
ftirther states, as we have already observed, that magnetic 
attractions and repulsions are not the * proper phenomena 
for declaring the precise law of variation.' Tet it was by 
the means of these very same attractions and repulsions 
that Lambert, and more especially Coulomb, deduced what 
this accomplished author considers to be the true law of 
magnetism. 

224. The law of Force in differerentFovnts of a Magnetic Bar, 
— We have seen (25) that the polar forces in a magnetic 
bar decrease rapidly as we recede from the extremities, and 
at last vanish in a point termed the magnetic centre. If, 
therefore, we erect, between the magnetic centre and pole 
(fig.116), a series of perpendiculars or ordinates a, h, c, &c., 

* ^Edinh, Encydopadia,' Tol, "ân. "9. ^1^« 
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Fig. 116. 



a\ 6', c', &c., STLcli as 
may represent tlie 
force in given points, 
then ît îs certain tliese 
lines will increase ra- 
pidly as we approacli 
the poles A, b, and we 
should, in passing a 
line througli tlie ex- 
tremities of these per- 
pendicnlars^ obtain 
for the force of the 
north and sonth po- 
larities some snch 
cnrre as that represented in the figare by the lines c m ^, 
O g f , the ordinates being nothing in the centre c. Con- 
lomb endeavonred to determine the value of these ordinates 
în the following way : — 

Having determined the times of oscîllatîon of a deli- 
cately suspended needle (« n^ ^^, 11?)> a long magnetic 




Fig. 117. 



/ 



wire (sn) was thenplacedvertically in the 
line of the magnetic meridian, immedi- 
ately opposite the needle, the dissimilar 
polarities being opposed to each other. 
This wonld not of course change the 
direction of the needle ; it would only 
afTect the rate of vibration (137). The 
needle was now cansed to vibrate oppo- 
site varîons points s, a, &, &c. of this 
linear magnet, and at a constant dis- 
tance from it. Then, taking the forces 
as proportionate to the sqnare of the 
nnmber of vibrations (137), and deduct- 
ing the constant force previonsly deter- 
mined, and by which the needle vibrates 
when the magnet ^ *s \b a^«i^, '^^ OaVaâa^ 
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the force dne toanygiven point a, 6, &c. In this experiment 
Conlomb snpposes that the resnlting force, as thus deter- 
mined, is very nearly that of the point opposite which the 
needle vibrates ; for, if we snppose the obliqne forces of 
other points a, c, on eaoh âde of a given point h, to in- 
flnence the result, still one-half the snm of the eqni- 
distant obKqne aciions will not be very dififerent from that of 
the given point h ; for if the points on one side a are more 
powerftil, those on the other are more weak ; and whatever 
be the nature of the curve c m t (fig. 116), which joins the 
ordinates, we may consider any very small portion (m) as a 
etraight line. When, however, we come to the extremity 
of the wire or pole s, then, becanse there is no point ontside 
it, as in the other cases, he donbles the nnmber representing 
the square of the nnmber of oscillations, by which artifice he 
renders the experiment for points near the pole comparable 
with the others. The curve of intensity thus traced by 
Conlomb is a species of curve termed the logarithmic 
curve, the ordinates of which (a, 6, c, &c., fig. 116) are in 
geometrica! progression, whilst the abscisssB ca, C &, &c., 
corresponding to these ordinates, are in arithmetical pro- 
gression.* M. Biot, who treats this question firom Cou- 
lomb's manuscripts, concludes that this result is a necessary 
consequence of the law of magnetic force being as the 
squares of the distances inversely, and that magnetism, 
like electricity, is little sensible in a body of regular figure 
before we approach its extremities, when it increases very 
rapidly. 

225. The results and progress of Coulomb*s investigation 
are, it must be admitted, neither so perfect nor so satisfactory 
as could be desired, owing probably to the many difficulties 
which embarrass the experiment, and the uncertain con- 

* That is to say, the abscisa» or distances ca,cbtCC, &c. increase 
by the constant addition of some giren number 1, 2, 3, &Cm as the ca.&^ 
may be, and the corresponding perpenâiciîi&TB ot Qit^\XL^\fâ^ a>"b,<i^^^ 
^o. bjr a continned multiplication by some ^"yen. n'vrcc^iet *I,^, ^^> ^^» 
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•dition of the line of partîcles of the steel as to temper and 
other circnmstances. It is tberefore doabtful whetlier the 
logarîthmic cnrve really represents tlie law of intensity îrom 
ihe middle poînt of the axis toward both poles. Lambert 
«onsiders the force of each transyerse element to be directly 
aa the distance from the centre, whilst Kobison, who repeated 
Lambert's experiments, imagines that this is onlj tnie for 
certain magnets. The resnlts of Hanstein's inqniries (207), 
before quoted, go to prove that the power of the distance 
Tepresenting the increase or decrease of the magnetic inten-* 
fdtj between the centre and the poles of a magnet agrees 
most perfectly when that power is taken = 2, or that the 
intensity of an j magnetic partide situated in the asds is pro- 
porţional to the sqnare of its distance £rom the middle point 
of that axis. 

226. Much nncertainty appears to have attended these 
inqniries, in conseqnence of a want of due attention to the 
regnlarity and temper, and the regular development, pror 
bably, of the magnetism throughout the bar. It is well 
known that bars not regularly and equably tempered, or only 
hardened about the extremities, will not retain any magnetic 
power except in the tempered parts. In other cases of very 
long bars, to which an adeqnate power for their complete 
magnetizing has not been applied, we have what has been 
called by Van Swinden cnlminating points, that is to say, 
they appear to consist of a series of magnets with opposite 
poles in contact ; added to this, the investigation has been 
further embarrassed by the methods of experiment ; these 
have been more or less indirect and liable to nncertainty. 
We may however, by a careful and skilful experimental 
arrangement, arrive at a fair approximation to the law in 
question, and in the following way : — 

Exp, 57. Let a steel bar (a b, fig. 118), of uniform 

texture, about 20 inches long, 1 inch wide, and '3 of an inch 

ihJăk, he rery carefiilly and equably tempered throughout its 

entire lengtb, and rendered powerMVy Taa^Tv^\j\G\5iy \Xi'^ xisual 
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pocess (20),aiid „^ 

in sucn way as 
to brîng the mag- 
netic centre, O ^^^ 
(26), as nearlj (^y 
as possible in the 

centre of the bar. JL 

Verify the posi- 
tion of this cen- 




1/ 



tre on the npper ^ ^ 5^ ^ ^ -^^-jgl^^ j 

smface A b, by ^ ' ) i / i ' ^ ^ 

the process described (28), Exp. 12, and divide that snrface 
on each side the centre c into a given number of eqnal 
parts by lines 1, 2, 3, 4, &c., continned down over one 
side of the bar. These divisions may be abont an inch 
and a half apart. The bar being thus prepared, place it 
edgeways on the table of support represented fig. 83^. 
(128), nnder the trial cylinder t, the diyided snrface A b 
being nppermost. Examine tho forces at snccessiye points 
(1, 2, 3, Ac.) throngh a small cylindrical armature of soft 
iron (a), of the same diameter above as the trial cylinder 
(^), and aboat f of an inch or more in height, and at a 
constant distance (a ^), this armature being faîrly applied tp 
the snrface, and so as to cover a small space on each side of 
any given division. The square root of the force thus taken 
in degrees on the graduated arc of the instrument (125) will 
very nearly represent the comparative magnetic develop- 
ment. We may, in fact, observe, that by means of the 
armature a we place the trial cylinder sufficiently beyond 
the influence of other parts of the bar, whilst the action 
becomes reduced to two points a, ty or nearly so. Then, 
with respect to the armature itself, we may further observe, 
that supposing the resulting force to be partly derived from 
the oblique forces on each side of it, still those forces would 
be very inconsiderable as compared with that of the ^oixL^ 
^tctnallj- covered hy the armature. Besvd.e^,«ki^T!«îcvSK^^'^^^ 
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Coulomb (224), if we conceive the points ou the side next 
the centre to be less forcible than those next the pole, still 
half the sum of all the eqnidistant forces would come very 
near the force of the point immediaiely nnder the armatnre, 
at least for a long series of points extending from the centre 
c, but not carried qnite np to the extremity of the bar. We 
may therefore obtain in this way such an approximation as 
will leave no donbt as to the law we seek to discover. 

The experiment thns carried ont gave the following 
resnlts, the distance a t being '3 of an inch : — 



Distance firom centre . . .12 


3 4 


d 


Porce in degrees . . . .14 


10 17 


28 


Magnetic deyelopment, or square 






zoota of forces . . . .12 


31 412 


6- 



It appears, therefore by these resnlts, that the magnetism 
in different points of a regnlarly tempered and magnetized 
steel bar, of xmiform texture, is directly as the distance from 
the magnetic centre ; whilst the reciprocal force between 
any given point and sofb iron is as the square of the distance 
from that centre. The distinction is important as regards 
all the preceding investigations, which may be taken to refer 
exclusively to what may be termed the intensity (228). 

227. Law8 of Magnetic Oharge, — Magnetism, like elec- 
trioity, appears to be a species of force confined to the 
surfaces of certain bodies without any relation to their mass. 
Ita accumnlation, however, or rather development,.in tem- 
pered steel, rather partakes of the form of electrical excita- 
tion than that of accumnlation on insulated conductors ; 
when developed in soft iron by influence (33), the develop- 
ment is very analogous in character to that of electrical 
induction by the influence of charged upon neutral con- 
ductors. Now, although the terms magnetic charge, quan- 
tity of magnetism, and such like, may appear to convey a 
veiy hjrpotbetical meaning, they are yet, if taken in the 
ordtaazyacceptation of such terms, aa a^^WcîiDţAfe \,o m-a.^^NÂa 
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as to electrical action, since there must necessarily be some 
element of magnetism corresponding to tho general term 
quantity, as expressive of the relative or absolute amount of 
the agency in operation, and upon which the observed phe- 
nomena depend. We have not, however, Htherto arrived 
at quantitative measures in magnetism, which, like the unit 
measure in electricity, determines the quantity of charge 
conyeyed to coated glass. We know not, in fact, by the 
ordinary processes of magnetizing, what the relative quan* 
tities of magnetism may be, as developed in various bars ; 
hence the investigation of such measures is of no small 
importance to the progress of magnetic inquiry. 

By magnetic charge, then, we are to understand the 
amount or quantity of magnetism existing in a bar of tem- 
pered steel or iron, under a given attractive force, and which 
we may, as in electricity, term intensity. The foUowîng 
experiment shows that 
this intensity is indepen- ^^' 

dent of the mass of a 
magnetized body ; and 
that consequently the 
magnetic development is 
entirely confined to the 
surface. ^ 

Ex:p, 68. Let a b (fig. [n ((j — ^)^ 

119) be a small cylinder ^ -^- AV^ ^ ^ V j? 

of soft iron, about 2 

inches long, \ an inch in 

diameter, and -^-^ of an 

inch thick. Let a h he 

an interior solid cyHn- 

der, also of soft iron, closely applied to the interior surface 

of the externai cylinder A b, but capable of being drawn out 

to any point c, or otherwîse removed altogether. Let now 

this joint cylindrical mass be atiaclaeâ. \iO «^ âiVA»^ ^'^'âiift^ 

and a magnet M, £xed at a constant âi^taxiit^Q «p YccosiSĂ^Naă^^^ 




JU 
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under it, bring tlie wliole immediatelyunder the trial cylin- 
der /, as represeuted in the figure, and according to the 
arrangement more fally shown Gg, 83 (128). We may 
then estimate by tbe attractive forces on the trial cylinder t 
any change of intensity in the indnced magnetism, the cylin- 
der A B being taken either hollow or solid, or influenced by a 
greater or less extent of snrface c A 6. Things being thus 
arranged, and the distances p and t being regnlated towithin 
-^ of an inch, the following resnlts were obtained : — The 
force, as observed, with the joint cylinders A b and a h taken 
together as a mass, amonnted to 10° ; nnder this attraetiye 
force, the interior cylinder a h being extended toward c, the 
intensity or force on t=10° gradually declined; when the 
snrface extended to the greatest limit c, the intensity waa 
only ^ as great, the force then being only 5°. On removing 
the interior cylinder a b altogether, the intensity agaîn 
retnmed to 10°, being precisely the same as at first. We 
may hence conclnde that magnetism, like electricity, is 
inflnenced only by snrface, and is altogether independent 
of the mass : a dednction fnrther snpported by the fact 
that a hollow tempered steel cylinder acquires as great 
magnetic power by the ordinary process of magnetizing as 
a solid tempered steel cylinder of the same dimensions. 

228. Magnetism, then, being a development confined to 
the snrface of magnetic bodies, we reqnire to determine its 
intensity in respect to the quantity developed, and the 
extent of snrface over which it is disposed. In reviewing 
the dednctions (214) bearing on the law of magnetic attrac- 
tion, it may be observed that the reciprocei force is always 
as the sqnare of the indnced magnetism ; that is to say, as 
the sqnare of the qnantity of magnetism broughi into opera- 
tion. Thus, where the force is in the inverse duplicate ratio 
of the distance (214), when induc tion = n, we have force 
represented hj ah ; when n becomes 2 n^ force =2^ ah; 
when n becomea 3 n^ force = 3* a b, and ao on : that is to 
^^J^, wbilst ^izeinductiousorqiiaiitîty o£ina.gELe^âsni^"^^''5fiĂL 
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are 1, 2, 3, &c., the reciproca! forces of attraction orintensi* 
ties are 1, 4, 9, &c. The same is observable in any of the 
other laws of force. Take, for example, the case in which 
the force is as the cubes of the distances in^rsely (217) r 
when indnction = n, force is ^ a & ; when ti becomes 2*83 n,. 



we have force = 2^a& = 8a6=:2*83 ah; when n becomes 

5'2 n, force is 3^ a 6 = 27 a 6 = 5*2 ah; that is to say^ 
whilst the qaantities of magnetism indnced are as the nnm- 
bers 1, 2*83, 5*2, &c., the forces are as the squares of those 
nnmbers. We may from this infer, that to arrive at the- 
quantity of magnetism in operanon, all other things being 
the same, we must refer it to the sqnare root of the attrac- 
tion or intensity. 

229. This dednction being a new and important feature 
of magnetic action, it may be Fig. 120. 

as well to further verify it by 
something like a direct and 
qoantitatiye process. 

Easp. 59. In this experi- 
ment let A, B, c (fig. 120) 
be three precisely eqnal and 
similar voltaic batteries on 
Smee's principie, each battery 
consisting of two elements, 
and charged with dilate snl- 
phuric acid. Let T represent 
a cylinder of soft iron, about 
8 inches long and -^ an inch 
in diameter, attached to a di- 
YÎded scale t v, and snrronnded 
by three distinct coils of copper wire covered with silk 
thread, not snperposed, but coiled successively round the 
îron. Let the extremities of these coils 1 1', 2 2', 3 3', ex- 
tend to each of the batteries a, b, c, so as to a^^To^c^^fe ^"^v^a. 
coj] to a correaponding battery •, fox e3scm^\e> ccSS. \^î \r> 
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batteiy a, coil 2 2' to battery b, and so on; the wliole beîng 
80 circnmstanced as to admit of an easy connectîon, and so 
bring one or more batteries into actîon at pleasnre. Let the 
iron cylinder j, thus circmnstanced, be placed at a given dis- 
tance p n, immediately nnder the trial cylinder t, snspended 
from the wheel of the magnetometer (125) as in the pre- 
ceding cases ; then, as is evident, when either one or more of 
the batteries a, b, c are bronght into operation throngh their 
respective coils, the iron t becomes magnetic (53), and 
hence arises a reciprocal attractive force between its ex- 
tremiiy p and the trial cylinder t n, which force is repre- 
sented in degrees of the gradnated arc attached to the 
instrument (125). Supposing the batteries to be precîsely 
eqnal and sinular, and each to develop the same magnetic 
force when taken singly, we may infer that if one battery a, 
and one coil 1 1', caii up one quantity of magnetism con- 
sidered as a nnity of qnantiiy, then two batteries A-f b, and 
two coils 1 l' + 2 2', taken conjoiatly, will develop two 
qnantities ; three batteries and three coils will produce 
three qnantities. To determine the law, therefore, as re- 
gards quantity, it only remains to observe the forces of 
attraction corresponding to these several developments. 

The experiment thus carried out gave the following series 
of results, the distance jp n being regulated at ^ of an 
inch : — 

Batteries or quantity of magnetism ..123 
Force in degrees 4 17 37 

"We may here perceive that the intensity (force) isasthe 
square of the quantity of magnetism, or very nearly ; being 
precisely the same law as that deduced for olectrical charge.* 
To obtain, therefore, the relative quantity of magnetism in 
operation, we must take the square roots of the respective 
intensities, the magnetic surface and all other things being 
tlie same, 

* 'lîudimentary Electricity ' (lOÎ^, "5- "^^^i ^^cotA ^ĂâîâftTL, 
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230. Although this law appears pretty evident as respects 
the amouiit of magnetism in the same or eqnal magnets, we 
still require much forther investigation of the law of inten- 
sity as regards dissimilar magnetic bodîes of variable size 
and surface. The conformity of the previous law of mag- 
netic charge with that of electricity wonld lead to the con- 
clnsion that the law of surface was also the same, and that 
the întensity wonld be as the square of the surface in- 
versely ;* that is to say, the same quantity of magnetism 
developed upon a double surface would have only ^ the 
intensity. In the present state of magnetic research we 
can only look to this as being a highly probable result ; 
since we have not any direct methods of experiment, as in 
electricity, by which such a law can be feirly verified, we 
require, in fact, to change the surface without interfering 
with the magnetism. Now this is not easily accomplished ; 
if, as i^ Exp. 58 (227), we extend the surface, we are likely 
at the same time to change the amount of induced mag- 
netism, and we get a mixed result ; or if, in the last Exp. 59, 
we increase the dimensions of the iron cylinder t, we are 
not sure that the quantity of magnetism will remain the 
same. TJntil, therefore, some further means of inyesti- 
gating this question by experiment are at our command, we 
must be content with considering the law of charge as 
regards sur&ce in the light of a high degree of probability. 

Supposing these laws of magnetic charge so far esta- 
blished, we may conclude that if the respective intensities 
of two similar magnets, the surfaces of which are to each 
other in a given ratio, say as 1 : 2 be the same, then the 
quantities of magnetism in each will be in the same ratio, 
that is, also as 1 ! 2 ; for whilst the intensity increases with 
the magnetism, it decreases with the surface ; and henoe 
with twice the quantity of magnqtîsm upon twice the sur- ^ 
face, it remains unchanged ; being precisely the same law 

* 'BudimeDtary Electncity' (114) (115),pp*\^»U5»%«»Tka.«^^^^- 

K 
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as that of the accmnnlatîoii of electriciiy on coated glass, 
in which the intensity of a whole batteiy is no greater tlian. 
that of one of the elementary jars taken singly. 

231. We must not, however, confound tliis restdt with a 
•coUectîon of charged jars, or a combination of magnetic 

bars, eacli jar or magnet operating independently of the 
others. What is termed a magnetic battery (19, 115) 
differs essentially firom the electrical batteiy. It is, in &ct» 
a mere assemblage of magnets, the resnlting intensity ap- 
proaching in a greater or less degree the snm of the inten- 
sities of the whole series ; no one magnet forms, as it were» 
any part of any other magnet ; whereas, in the electrical 
battery, all the jars are nnited, as it were, into one great 
whole, throngh the chargîng rods ; and the intensity is no 
greater in the whole combination than in any one jar taken 
singly.* To assimilate the actîon of a number of charged 
jars with that of a combination of magnets, the jars must be 
separate, and each bronght to operate independently of the 
others. Imagine, for example, a light-condncting disc, of 
6 inches in diameter, poised and snspended firom a common 
balance, then, if we place a small charged jar immediately 
nnder it at a giyen distance, the balance will indicate a 
given force. Let a second similar jar be now placed by 
the side of the former ; then the attractive force will be 
twice as great, and so on, nntil we have filled an area 
exactly eqnal to that of the snspended disc. We may 
further conclude that the relative magnetism, in two pre- 
cisely similar and equal magneţi, will be as the square 
roots of their respective intensities (228), as determined by 
^ither of the magnetic instmments (211) employed in these 
researches. 

232. Tlie Magnetic Cwrve, — The two forces developed in 
a magnetic bar, and resident in its surface, give origin, in 
ppersbtmg on each other through particles of ferruginous 

* /JRudimentaiy Electridty' ^m), ţ. \^^, t^^wiA '^nâssc.. 
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matter, to certain ctirved lines of force, as îndicated (28), 
fig. 16. These lines were origînally considered as the 
* curvature of the magnetic cnrrent,' nnder an impression 
that they originated in the circnlation of a snbtle fluid about 
the poles of the magnet. Athongh this hypothesis is now 
but Httle valued, yet, as observed by Lambert, wo must 
admit the existence of the curves, and may, without any 
very great violation of language, caii them curves of the 
magnetic current ; it is not the name which constitutes the 
difficulty ; whaterer name we give them, we have still to 
determine the nature and properties of the curves. 

This very beautiful physical question constitutes, as before 
observed (201), the principal feature of Lambert's fine 
mathematical paper in the Berlin Memoirs, and has further 
engaged the attention of several eminent philosophers. 
Dr. Roget, the talented author of the treatise on * Mag- 
netism,' published by the Society for the Diffusion of 
Useful Knowledge, has also treated this question with con- 
siderable ability. Not only has he given many interesting 
demonstrations of the fundamental properties of the riag- 
netic curve, but has also described a mechanical instrument 
for generating them.* In referring to figs. 16, 17, 18 (28), 
we may perceive that the magnetic curve is either con- 
vergent, as in figs. 16 and 17, or divergent, as in fig. 18, 
according as we employ one or more magnets, and according 
as we refer the forces to similar or dissinular poles. If we 
conceive (fig. 16) each small partide of iron to be an indefi- 
nitely small needle free to move in any direction, it would 
necessarily arrange itself in a given determinate position in 
respect of the forces in action. In fact, it may be demon- 
strated, that supposing the magnetic force to vary in the 
inverse duplicate ratio of the distance, the direction of the 
axis of a magnetic needle, placed at a given distance from 
the centre of the magnet, will be always a tangent to tlaa 

* ' Journal of the Boyal Institutlon; "E^^TM^t^ \^^\ . 
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Fig. 121. 




Fig. 122. 



poînt of curvature of one of those peculiar oval curves in- 
dicated in tlie figure (28). Taking, therefore, the fer- 
ruginoxLS particles as indefinitely small magnetic needles, 
we may conceive the line of curvature at any given distance 
from the centre as made np of a series of such small needles. 
With respect to the curve itself, it may be considered, 
geometrically, as generated by the movement of two lines 
A C, B c, figs. 121 and 122, termed radiants, and which 

revolve abont the poles A b, 
with aDgnlar velocities 
proporţional to the varying 
distances A c, b c, from the 
point of intersection c. 
Let, for example, the two 
radiants ac, b c, be sup- 
posed to tnm abont the 
poles A and b, and let them 
have moved together into 
the positions A c, B c; then, 
if angle c A c be to angle 
c B c as A c to B c, the points 
c c will be points in the 
magnetic curve. 

The direction of the mo- 
tion of these radiants A c, b c, may be, as is evident, eithei 
în the same, or in opposite directions. When in opposite 
directions, as in fig. 121, both the polar angles c A B and 
C B A, increase together, and the curve is convergent ; in 
this case we have a single continuous branch A c B. When, 
however, the radiants revolve in the same directions, as in 
fig. 122, then, whilst one of the polar angles c b A increases, 
the opposite angle c A b decreases ; in this case the curve is 
divergent, and finally resolves itself into two divergent 
branches, as shown in the figure. 

The magnetic curve possesses several very interesting 
^•eometTic&l properties, as may be seen in Leslie's elegant 
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work on ' Geometrical Analysis ; ' we have not, however, 
snfficient space to admit of a more general exposition of 
this subject. According to one of the principal properties 
of this cnrve, the sines of the angles made by a tangent and 
tbe radiants, drawn to the point of contact, are proporţional 
to the sqnare of the radiants. Thus, supposing a tangent 
drawn to the point c (fig. 121), we shonld have the sines 
of the angles formed with c A and c b: : A c^ : B c^. In the 
constmction of this curve we reqnire to find points in which 
a small needle being placed, its direction will be a tangent 
to the curve. 

233. We mnst not conclude our account of these severa! 
inquiries into the nature and laws of magnetic force with- 
out an especial notice of Professor Barîow's very important 
învestigations of the action of spherical and other masses of 
iron on the compass-needle, remarkable not only for the 
precision and elegance of the experiments which they con- 
tain, and the mathematical learning and address which they 
display, but also iis fumishing one of those rare examples 
of physico-mathematical research alike important to the 
student and to the progress of science. 

These researches were commenced soon after the appear- 
ance of Hanstein's work in 1817 (207), and were under- 
taken with a view of correcting the errors arising out of 
the attractive influence of the iron of a ship on the corn- 
pass. 

As a preliminary experiment, an iron shell, such as used 
in the common howitzer mortar, was placed in different 
positions about a compass (142), considered as a centre of 
position, and the deviation of the needle noted both as 
regarded quantity and direction. Now it was soon dis- 
covered that the deviation depended on the position of the 
centre of the shell in respect of the centre of the needle, 
the shell being elevated or depressed in a given vertical, 
so as to place its centre altemat^ly above and below the 
needle; the deviations of the needle were observed to be in 
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opposite directions ; that is, they were first easterly and 
then westerly, or reciprocally. Now this liappened in every 
azdmutb. plane (148), except the plane of tlie magnetic 
meridian. In this plane the compass maintained its tme 
direction. From these changes in the deviation it followed, 
that in carrying the shell about the compass, and elevating 
or depressing it, in different vertical planes, a point wonld 
exist in each plane, in which the deviation wonld vanish, 
sînce the deviation could not possiblj change from an 
easterly to a westerly deviation without passing throngh a 
point of neutrality. In the azimuth east and west, at rîght 
angles to the magnetic azimuth or meridian, the deviation 
was nothing at the line of intersection of the magnetic with 
the horizontal plane, that is, in the east and west line. In 
fhis line the needle also took its natural direction. Now it 
occurred to Professor Barlow, that if a great number of 
points of no deviation were thus determined, they might all 
be in the same plane, which plane would probably iii these 
latitudes be inclined to the horizon; for, since only two 
opposite points of no deviation were observed in the hori- 
zontal plane, it could not evidently be parallel to the 
horizon. 

234. With a view to a more perfect experimental investi- 
gation of this interesting question, Professor Barlow con- 
trived a new form of experiment. His apparatus is repre- 
sented in the annexed fîg. 128. A plane table t, about 
4 feet 8 inches in diameter, fixed on massive pillars, being 
covered with fine paper, has several concentric circles drawn 
on it. The circular plane is divided into 144 equAl parts 
by radii drawn to every 2^® of the circumference, and all 
parting from one principal diameter N s, taken in the line 
of the magnetic meridian. The centre of this table is a 
distinct circular piece of 18 in. diameter, which may be re- 
moved so as to leave an opening for an iron ball or shell d, 
weighing about 288 Ibs., and hung on a set of Smeaton's 
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pulleys. Things being tliua disposed, a compaaa C ia placed 
on one of the concentric circles of aboat 20 inches radios 



Fig. 123. 



or dÎBtance from the 

centre, and the devia- 

tiona nnder tlie inflnence 

of the iron ball d ob- 

served at ea«h 5° in 

âifferent azimatha, that 

ia, in carrying the coin. 

paâs qnite ronnd the 

cîrcle. By elevaţii^ or 

lowering the ball, the 

height or depth of ita 

centre, above or below 

the centre of the corn- : 

paşs needlo, iu the va- 

rioiiB points of no de- 

viation, conid be eaaily 

determîned. The resnlt 

of thJB experiment 

clearly proved tbat the poiata of no deviation ai-e all in the 

same plane, nhicb plane is inclined ta the horizon at an 

angle of abont 20°, being the complement of the angle of 

the dipping-needle (152), that îs, the quanfcîty required to 

complete 90°, the dip being aboufc 70° (15?). 

It îs qnifce dear that this mefchod of observation îs vîr- 
tually ihe same aa the former (231), the difference being, 
that we circulate the compass abont the ball, instead of 
carrying the ball abont the compass, andiusteadof elevating 
or depressing the centre of the needle, we raise or lower 
the centre of the ball. 

235. It may perhaps fecilitate the conception of this 
extremely beantifiil experiment, and the resnlta arrived at, 
if we sappose the ball d (fig. 123) to be fixed in the centre 
of the table t, one half being above, the other half below 
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Fig. 124. 




the plane of the table, as shown in iihe next fig. 124, and 

then imagine the compass to be 
circulated about the ball. The 
experiment would then stand 
as in fig. 124. In this figure 
let N E s w be the horizontal 
.plane of the table, d the iron 
ball. Let 8 n he the direction 
of the dipping-needle (152), 
fig. 98 ; TSi 8 s n the magnetic 
meridian, and n s the direction 
of the horizontal needle. Now 
we are tp snppose the compass to be circulated abont the 
ball D in a circle of a giyen radius, say 20 inches, and its 
centre eleyated or depressed above or below the horizontal 
plane at each azimnth of 5° (148), as the case majbe, nntîl 
the deyiation vanishes. In this case the centre of the 
compass would be fotmd to have moved in the plane < E jp w, 
inclined to the horizon N E s w abont 20°, and perpendi- 
cular to the direction n 8 of the .dipping-needle. 

Our conceptions of this experiment may be still forther 
enlarged, if, instead of the horizontal needle, we snppose a 
small dipping-needle to be circulated about the ball, prepared 

as in the annexed fig. 125, în which, let a h 
be a very small magnetic needle, centrally 
suspended by a delicate thread z c, and 
crossed at the centre c by a horizontal index 
d e, consisting of an extremely light reed, or 
a bristle. K this needle be circulated about 
the ball d (fig. 124), as before, the index d e 
wiil exhibit the same deviations as the hori- 
^/ zontal needle, whilst the relative position of 

the inclined needle în respect of the polar axis 
/^ s of the ball d wiU materially assist our comprehension 
oftbe resnlts. 
Let na then imagine this needle ah (^^^."V^'vi^ \»\ifâ\xi 



Fig. 125. 
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the point w (fig. 124) ; it will in this point have no devia- 
tion (233) ; here the line of direction or axis of the needle 
being parallel to the polar axis 8 n of the ball, and the line 
D w, joining their centres, being their perpendicular distance, 
bU the attractions npon the needle will balance. Directly, 
however, we move the needle out of this position, the same 
conditions do not arise, except the centre of the needle 
move in the plane w jp ^ t It is only in this plane that the 
direction a h (fig. 125) of the needle and the polar axis 
8 n (fig. 124) of the ball d remain parallel, and their 
centres always at the same perpendicular distance. We 
see, therefore, why it is that the points p t in the magnetic, 
and points E w in the horizontal plane, are points of no 
deviation. They are, in fact, all points in the plane of 
eqnal attraction, or nentrality, as we may also term it. The 
east and west points in the horizontal plane are the points 
of intersection of the two planes. There is, however, this 
difference between the inclined and horizontal needles when 
placed in the magnetic plane îs s s n ; except in the points 
p 8 1 71, the inclined needle varies, in the conrse of circnla- 
tion abont the ball D in that plane, much in the same way 
that the horizontal needle deviates în being carried ronnd 
the ball d în the horizontal plane. ÎTow every point in the 
magnetic plane is a point of no deviation for the horizontal 
needle (234), bnt not for the dipping-needle (235) ; hence, 
for the horizontal needle we have two planes of no devia- 
tion, the inclined plane jp ^ tw and the magnetic plane 
N 5 s Ti. It is, however, the inclined plane which we are 
to consider as the plane of no deviation jpar excellence^ 
becanse in this plane neither the dipping-needle nor the 
horizontal needle deviates, whereas in the magnetic plane 
there are only four points of no deviation for the dipping- 
needle, viz. the points ^ E < w, and these are, after all, 
points în the plane of nentrality ; besides this, the canse of 
no deviation of the horizontal needle în. \Axa Toaj^^^â^^ ^^Jssss^ 
is of â very different kind f rom ttiat oî ^e easxaa cîl t^^ 

IC 3 
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deviation in the inclined plane, wliicli has a pecnliar and 
distinctive character. 

236. Since tlie nentral plane evidently cuts the snrface 
of the ball in a great circle jputv (fig. 126), the plane of 
which passes throngh the centre c, this great circle has 
been called by Professor Barlow the magnetic eqnator, the 
Fig. 126. â-xis and poles of which are co- 

incident with the line 8 n oî the 
dipping-needle. The hemisphere 
p n t, below the equator jp ty he 
calls the north magnetic hemi- 
sphere, and the opposite hemi- 
sphere j7«^ the sonth magnetic 
hemisphere. Anj point on the 
sphere is distinguished by its 
magnetic latitnde and longi- 
tude, to which end parallels of 
magnetic latitude and meridians of longitude are drawn, as 
on the common globes. Extending the plane of these 
circles, they may be conceived to cut an ideal sphere p son^ 
concentric with and surrounding the ball c, and may be 
hence employed to define the magnetic position of any 
point in space with reference to the centre c of the sphere. 
In circnlating a compass about the ball in any of these 
lines or circles, Professor Barlow fonnd, as he had antici- 
pated, that the greatest amonnt of deviation was in the 
meridian circle passing through the east and west points ; 
on this account he takes this meridian as his first meridian, 
and calls its longitude zero. Instead of imagining an ideal 
astronomical sphere p 8 o nto surround the ball c, and in 
given points of which the compass may be supposed placed, 
it will be in some cases more convenient to imagine snch a 
sphere to surround the centre of the compass placed at c, 
and supposo the ball moved into certain points of longitude 
and latitude ; the practicai result will be evidently the same, 
and reference may be made to either at pleasure. 
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237. Very numerous experiments and comparisons be- 
tween the trigonometrica! lines (181) of the angles of 
deviation and tliose of the latitude and longitude of the 
point in which the compass or ball is placed give the fol- 
lowing results ; and which apply to regular as well as irre» 
gnlar masses of iron. 

1°. The longitude being zero, that is, the compass or ball 
being anywhere in the great circle passing by the east and 
west points, ' the tangent of the angle of deviation is pro- 
porţional to the sine of the latitude multiplied by the cosine, 
or to the sine of the double latitude.' * 

2°. The latitude being constant, * the tangent of the de- 
viation is proporţional to the posine of the longitude.' 

3**. The latitude and longitude being both varied, * the 
tangent of the deviation is proporţional to the cosine of 
the longitude multiplied into the sine of the double lati- 
tude.' 

If we denote the deviation by ă, the latitude by A, and 
the longitude by l, we have these laws thus algebraically 
expressed ; — 

. Tan A .= sin 2 X. Tan A = cos l. 
Tan A = sin 2 \ X cos l, 

The laws of attraction, with respect to distance and force, 
were found to be as foUows : — 

In which the distance is denoted by d and the force by p. 

It is to be understood that these laws are only calculated 
approximatively; they are positively correct only for a 
needle indefinitely small, and placed at a limit of distance 
from the iron ball, such that the magnetism of the needle, 
and that of the ball, as depending on the induction of its 
position (101), may operate on each other in the way of two 

* The product of the sine and cosine of an angle is = to the sine of 
twicc that angle. 
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magnets. If we bring the needle very near the ball, then 
the induction of the magnetism of the needle npon the iron 
is such as to sapersede this action ; and instead of attract- 
ing one pole of the magnetic needle and repnlsing the 
other, it will attract either pole of the needle indifferently, 
or nearly so (221). 

238. This action of an iron ball on the compass-needle, 
contrary to Professor Barlow's expectations, was fomid 
independent of the mass, ttnd to reiate only to a small 
thickness of snrface. The foUowing are the resnlts as 
regarded balls or shells of dififerent magnitudes : — 

1°. The tangenta of the deviatîons are proporţional to 
the cnbes of the diameters of the shells or balls ; so that 
we have, in denoting the diameter by D, tan A a d*. 

2®. The tangent of the deviatîon is as the f power of the 
snrface. Hence, if we denote the snrface by B, we have 
tan A a s?. 

These laws are apparent whatever be the weight or 
thickness of the shell, provided its thickness be not less 
than the -^ of an inch. 

Althongh the conclnsion that magnetism resides wholly 
on the snrface of iron bodies appeared satisfectorily esta- 
blished in this kind of action, yet Professor Barlow con- 
siders * fdrther experiments necessary to establish the fact.' 
Snch experimente we have already adduced (227), and 
they confirm in a very striking way the truth of this de- 
dnction. 

Onr limits wiU not admit of any further acconnt of theso 
most valnable researches into the laws of magnetic forces, 
whîch the stndent will find very clearly and explicitly de- 
tailed in Professor Barlow's work on 'Magnetic Attractions.' 
We shall, however, have agaîn occasion to refer to their 
practicai and theoretical application nnder another branch 
of onr snbject. 
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CHAPTER VII. 

TEBBESTRIAL MAGNETISM. 

The Earth a Magnetic Body — ^Variation, Dip, and Intensity, the three 
Forms of its Magnetism — ^Fhenomena of the Horizontal, Inclinedi and 
Oscillating Needles — ^Variation of the Compass — ^Magnetic Charts — 
The three kinds of Magnetic Lines — Course of the Terrestrial Mag- 
netic Equator — Points of greatest Polar Bip — ^Points of greatest Polar 
Intensity — ^Position of the Magnetic Poles — Magnetic Disturbances. 

239. Comparing the plienomena of the horizontal and 
înclined needles (21) with those of ordinary magnetic action, 
we can scarcely avoid the conclnsion that the globe of our 
earth is, npon the whole, a magnetic mass, and that it ope- 
rates on those nedles much in the same way as one magnet 
operates on another. We have seen (152), that in these 
latitndes the posîtion of an evenly-poised and freely-sns- 
pended magnetic bar is not a horizontal position, bnt an 
oblique position, the north pole being inclined downward at 
an angle of abont 69® with the horizontal line. Now, if we 
transport this bar to varions parts of the earth, then this 
angle or dip varies, being nothing about the equatorial 
regions, where it is horizontal, and 90° in the regions of the 
poles, where it is vertical (21), that pole of the bar which 
tnms towards the north being depressed in the northem 
hemisphere, and the opposite pole in the southern hemi- 
sphere. The following experiment is highly illustrative of 
the magnetic conditions of this phenomenon. 

Exp. 60. Let N s (fig. 127) be a magnetic bar 30 inches 
in length, abont ^ an inch thick, and 1 inch wide ; we are to 
snppose this bar regularly magnetic «xiâL \sL^ ^^^^-^^^^ 
Let ns be a short balanced needle oî "^^^i Vio^'^f't^'^ ^^"^ 
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magnetic steel wire, about 2 inches in length, suspended hy 
a filament of silk immediately over tlie magnetic centre c, 
fio as to be a fall length distant from it. At this point tlie 

Yig, 127. 
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needle will retain its honzontal position, itl» axis being 
parallel to the axis of the magnet beneatb, and its poles n 8 
in a reverse position to the poles n s of the bar (11). TJnder 
these drcnmstances, let this small needle be gradnallj morecl 
along and over the magnetic snrface n s ; we shall then find 
it take different degrees of inclination, the inclinatioix being 
greater as we approach either pole N, s, at which points it 
will be 90°. We shall further observe, in the course of this 
experiment, that the south pole s dips on the north polar 
side of the centre c, and the north pole u on the south side. 
We have here only to conceive the longitudinal magnet n s 
to represent a portion of the earth's surface extending be- 
tween the polar regions, and we have a series of phenomena 
very analogous to those of the direction and dip of the mag- 
netic needle (21). 

The magnetism acquired by a bar of soft iron when placed 
in a given position (100) is further indicative of the mag- 
netic state of our planet. We have already seen (101), 
that, in placijig a bar of soft iron in . the position of the 
dipping-needle, it is immediately rendered sensibly mag- 
netic; the lower extremity in these latitudes being a south 
pole, and the upper extremity a north pole. If the experi- 
ment be tried in the southem hemisphere, then the lower 
extremity becomes a north pole, and the upper extremity a 
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south pole. Now this is as near an approacli to magnetic 
induetion (33) as can be well îmagined. 

240. This magnetic condition of onr planet, from what- 
ever source derived, becomes more fnlly revealed to us 
tlirongli the medium of three classes of phenomena, viz. 
variation (7) (161), dip (21) (161), and intensity (227); 
these are the three great forms of the earth's magnetism. 
The absolnte values of these elements, the changes to which 
they are subject, together with their mutual relations and 
dependencies, have now become the great objects of inves- 
tigation ; we may add to these certain irregular disturbances 
by which these elements are occasionally influenced, and 
which are more especially Wd by means of the magnetic 
Instruments and observatories already adverted to (168). 
In order, therefore, to investigate the magnetic condition of 
the earth, we require to know : — 

1**. The declination or variation of the horizontal needle, 
by which we determine its correct position or direction at 
any given place. 

2°. The inclination or dip, by which we determine the 
true line of direction of the magnetic force. 

3°. The number which represents the ratio of the intensiiy 
of the force at any given place to some comparative unit 
by which we trace the general magnetic condition of the 
terrestrial surface. 

241. The changes to which the earth's magnetic force is 
subject may be distinguished by the terms secular, perio- 
dica!, and irregular. Secular changes are such as are 
slowly progressive, and which run through a certain course 
in very long periods of time, returnîng finally to their 
original value. Periodical changes are certain regular 
changes or variations, happening in short periods of time, 
such as a day, a month, or even a year. Irregular changes 
are such as cannot be traced through any uniform course, 
and which are not apparently subject to any given law. 

242. In pursuing this most important physical subject. 
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we cannot do better tlian commence witli the phenomena 
of the hoiizontal ncedle. Did the magnetic compass every- 
where coincide in direction witli the geographical meridian, 
and were its direction invariable, it would be one of the 
most simple and valnable instmments ever constructed; 
8uch, however, is not the case (161) ; its direction is nOt 
everywhere the same ; it seldom coincides with the true 
meridian, and is beside subject to a variety of periodical 
and other variations. 

The angular deviation of the compass from the true 
meridian, termed the declination or variation of the mag- 
netic needle, was certainly known to the Chinese so long 
since as the conmaencement of the twelfth century. Keou- 
tsoung-chy, a Chinese philosopher, who wrote on subjectş 
of natural history about the year 1111, states that *the 
magnetic needle declines towards the east, and hence does 
not poînt straight to the south, but is only f to the south/ 
Pere Amiot, who resided at Pekin about the year 1780, 
remarks, in confîrmation of this, and in reference to the 
north pole of the magnet, * the magnetic needle still per- 
fiists in this capital in pointing 2° and 2° 30' towards the 
west, which is still a peculiarity of this country.' The 
Chinese say, in reference to the south pole, that 'the 
needle declines eastward 2° and 2° 30' ; that it is never more 
than 4° 30', and never less than 2°.' * An old manuscript 
în the University of Leyden, written in 1269 by Peter 
Adsîger, also notices the phenomenon of an east declination 
în the north pole of the needle.f The great Yenetian 
pilot, Sebastian Cabot, in the service of Henry VII. of 
England, also Gonzales Oviedo, and the celebrated Colum- 
bus, and other early enterprising navigators, all observed 
the deviation of the compass from the true meridian; indeed, 
ît could scarcely have escaped their attention, since they 

* Klaproth, 'Lettre ă M. le Baron de Humbolt,' p. 69. 
t Cavallo on 'Magnetism,* p. 317. 
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pursued tracts in the course of wliicli the needle must 
have changed more tlian two points. The fact appears to 
have caused no small confasion and anxiety amongst the 
sailors who accompanied Columbus in his first voyage to 
America, the needle^having hitherto been always supposed 
to point tme north. It appears by Irving's most interesting 
work,* that, on the 13th of September, 1492, Columbus at 
nîghtfall found his needle pointing 6° to the west of the 
polar star. He again examined this deviation the next 
night, and found it to incrcase as he advanced — a cir- 
cumstance which caused the gi*eatest constemation and 
alarm : * it seemed as if the laws of nature were changing, 
and that the compass was about to lose its mysterious 
power.' Columbus, however, quieted the fears of the pilots 
by telling them that the needle had its daily changes round 
the pole, like the heavenly bodies. It is not a little remark- 
able that, notwithstanding the frequency of these observa- 
tions, mathematicians and others of that time who adhered 
to the system of the Aristotelian philosophy, gave little or 
no credence to these accounts, considering the thing im- 
possible. At length, however, repeated observation no 
longer allowed the mere abstract philosopher to maintain 
the discujssion, and in 1556 the declination of the compass 
was fiiUy received by Spanish writers on navigation as an 
established fact.f 

243. The first well-authenticated observatîons on the 
variation of the compass in England are to be found in a 
work by Borough, ţ ComptroUer of theE'avy,in 1581 ; as also 
in a work by Normau, of the same date.§ They state, from 
observations at Limehouse in 1580, that the declination was 
at that time 11° 15' East. In the early part of the following 
century, Professor Gellibrand found the declination to be 
only 4° 5' East ; and in 1657 it appears to have vanished 

* * Lifs of Columbus.' f 'Arte de Navegar' (VaUadoHd, 1 645). 

t * The New Attraction.* 5 * Discourse on Variation of Compass.* 
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altogether. From that time to the year 1660 the magnetic 
needle did not sensibly deviate from the tme meridian. 
About five years snbsequently to this (viz. in 1665), the 
direction of the needle appears to have bocome about a 
degree and a half west of the meridian ; and this westerly 
decHnation went on increasing up to the year 1818, since 
which time the needle has been again approaching the tme 
meridian. The foUowing table contains the declination, 
with the mean rate of motion as referred to certain periods 
of observation in London between 1580 and 1850, com- 
prlsing about 270 years :* — 

East dedin. Zero, West dedinatîoiu 

Years . . 1580. 1622. 1660. 1692. 1730. 1765. 1818. 1850. 

Declination .11«>15' 6° ,0° 6<> 13° 20<» 24°41' 22°30' 

Bate per year. 7' 8' 10' 11' 11-5' 9' .0' 6' 

It may be perceiyed by this table, that for a period of 
eighty years from the first discoyery the needle gradually 
approached the true meridian, and then for a foUowing period 
of 158 years it travelled westward, having at the end of this 
period attained, in 1818, its maximum of westerly decUnation, 
viz. nearly two points and a half of the compass. It has ever 
since been retrograding, and is now moving again eastward. 
The mean rates of the movement at the dififerent periods, 
although deduced îrom a long interval of years, may not, 
upon the whole, be far wrong ; they serve at least to prove 
that the motion is not uniform. In approaching the meri- 
dian it has evidently become accelerated, and in approaching 
the maximum has become retarded; the present rate of 
decrease, as deduced by Dr. Lloyd at Dublin, is about 5' 
annually. Thus it appears that the horizontal needle is 
subject to a variable oscillation across the line of the true 
meridian, the period of its westerly movement being about 
160 years, and the Hmit of its angular variation 24»° 41'. 

* The rate of movement has been deduced from the ayerage rates of 
tho intermediate periods. 
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The annexcd fig, 128 represente this angulac movemenfc 
tts hitherto obeerved, the estent of tte whole movemeot 
being represented hy tlie angle w C e, about 50°, that ia, 
aapposing the easterly semî-oscî!Iation to havo been equol 



Fig. 128. 




totlieweaterly,aiidthefirat 
obBervationa to h&ve been 
made dnringthe progresa of 
the approach of the needle 
to the meridian c n, in the 
jeBj-1580; thiswonldmake 
thetotaJ period of oue ohcîU 
lation about 320 jears, 

Obserrations made at 
Parie and other parts of 
the world give Bimilar re- 
Bolts ; the dîrection and 
eitent of the d eviatîoii, ho w- 
erer,are notthe Bameforall 
places, whilst in particular 
r^ons of the globe the 
needle îs fonnd to coincide always with the lîno of the 
tme meridian. At this present tîme the dechnation ia weat 
throughont Europe. Ab we approach very high latitudee, 
the distorbanoe in the direction of the mf^netic needle is 
yeiy Gonfiiderable. Pany, in his first voyage, observed a 
westerly declinatioa of moro than nine poiuts of the 
compass. 

244. A large number of obserrations ou varîons parts of 
the earth, fiium the poleB to the eqaator, on the sea and on 
land, prove that the lines of direction of the hoiizontal 
needle over the earth'a enriace are not alike, and that tliese 
lines are in a constant state of variation, somo toward the 
east, others toward the west. 

We are indebtcd to Halley, who was sent oufc by the 
Government of Willîam and Maiy to make observationa 
on m^netic declination, for the first attempt to systematize 
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the different varîable directions of tlie magnetic needle. 
"ffig method consîsted in first maridng on a general map of 
the world all those places în wHch the declination was 
nothing, and nnîtîng the whole by a line, which he termed 
ihe line of no declination. He tlien traced în a similar way 
all the points in which the declination was 10°, 15°, 20°, 
and so on, east or west, thns representing by a magnetic 
chart the variation of the needle upon the surface of the 
earth so far as then ascertained, viz. in the year 1700. 
Many interesting and important resnlts were derived from 
this system. It was observable, for example, that a line of 
no variation ran obliquely over North America across the 
Atlantic Ocean. Another line of no variation descended 
through the centre of China, and passed across New Hol- 
land. From which he inferred that these lines^had a com- 
mnnication near both poles of the world. Between these 
lines of no variation — that is, throughout all Europe, Africa, 
and the greater part of Asia — the declination was observed 
to be westerly ; and on the opposite side — ^that is, over all 
the Pacific — ^it appears to have been at that time easterly. 
It was further observable, that the lines of greatest varia- 
tion were confined to the polar regions, whilst the least 
encompassed the globe about the eqnator. 

245. Lines of eqnal or of no declination, as thns traced 
on the earth's surface, have been called * Halleyan lines,' in 
honour of their inventor ; and more recently ' Isogonal 
lines,' or lines of equal angles. The map or chart on which 
these lines are traced has been termed a * variation chart,' 
and îs evidently an invention of no mean importance to the 
purpose of navigation. The first chart of this kind, con- 
stmcted by Halley, has necessarily become obsolete, not 
only from errors arising from the imperfect' state of mag- 
netic instruments at the time of the observations, but also 
from the now known varîable state of the earth's magnetism. 
Halley's chart was first revised by Messrs. Mountain and 
Dodson, about 1756. Since this period we have had the 
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magnetic atlas of Churchman, up to the year 1800 ; Han- 
stein's celebrated chart, published in 1820 ; and the varia- 
tion cliart and globe of Professor Barlow, wbich includea 
the observations of Captain Sir James Clarke Boss in the 
Arctic Seas. The latest chart of this kind is a chart by 
Erman, who has determined, from his own observations 
principallj, the isogonal lines, up to the years 1827 to 1830, 
throughout the whole length of the Russian empire. These 
later productions comprehend, not only the variation, but 
also the phenomena of the inclination and intensity of the 
force, and may be hence more properly denominated general 
magnetic charts than charts of mere variation^ 

The isogonal lines, as thus laid down on a chart, pre- 
sent to the eye a great variety of complicated flexures; 
they are seldom parallel to each other ; a great portion of 
them appear to converge towards two points on the earth's 
surface, one near Baffin's Bay, the other to the southward 
of New HoUand. In Hanstein's chart the isogonal lines 
exhibit a double convergence in the northem hemisphere 
toward two points in the vicinity of the pole indicated by 
the dipping-needle. 

246. It has been ingeniously observed by Euler, that a 
perfect variation chai*t, continually brought down to the 
latest times, would materially assist in determining the 
longitude^ Imagine, for example, that we found ourselves 
in a certain place on sea, or in an unknown region ; we should 
first determine the variation of the compass, either by a 
meridian line or some other method aiready described (161). 
Suppose the declination to be 5° East ; this determined, we 
seek in the chart for the two lines under which the'given 
declination is found — we may then be fully assured of being^ 
under one or the other of these lines. K we now determine 
our latitude, which is easily done, nothing remains but to 
mark on these two lines of 5° easterly variation the two 
points of equal latitude^ Now the circumstances of the 
voyş-ge would decide în which of these points we were 
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placed, since they would necessarily be very far removed 
' from each otlier; a means of determiniiig the longitude by the 
variation of the needle was, in fact, a mam object of Halley's 
ezpeditîon. 

247. Beside tbe great secular or progressive movement 
(243), ihe magnetic needle is found to exhibit a sensible 
cbange from month to month, fromday to day, and even 
trom. bour to honr. This important fact of the daily varia- 
tion of the needle was first announced in 1722 by Graham, 
a celebrated optician of London, who observed that whilst 
the needle was annually changing its direction, its north 
extremity advanced westward in the early part of the day, 
and retumed again in the evening eastward to the same 
position. The amonnt of this daily variation amonnted then 
to abont half a degree. Since this time the fact has been 
completely investigated by very refined means of observa- 
tion (161), and the following general resnlts arrived at ? — 
The north pole of the needle begins between 7 and 8 a.m. to 
move westward, and this movement continues until 1 p.m. 
About this time the needle becomes stationary, and soon 
begins to retrograde east, but with a slower motion than 
that of its previous advance. About 10 r.M. the needle is 
again stationary at the point from whence it started. A 
smaller second oscillation now ensues duriug the night: the 
north pole moves slowly west until 3 a.m. and then retums 
again as before. The mean daily changes in this country, 
as observed by Beaufoy, and lately by Dr. Lloyd, amount to 
about 9*4 of a degree. The action of the sun is undoubtedly 
the cause of this daily disturbance of the magnetic needle ; 
we may hence expect it to vary in different latitudcs both as 
to time and extent ; we require, however, fnrther observa- 
tion for determining whether the daily variations have the 
same direction in points of westerly decHnation as in points 
of easterly (224). In the southem hemisphere the direc- 
tion of the daily oscillation is reversed: the north end 
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of the needle liere advances eastward and retums west- 
ward.* 

The annual periodical variation of tbe needle was dîs- 
covered by Cassini in 1786, who fonnd that the north pole, 
from the vemal eqninox to the sununer solstîce, moved east- 
ward, and agaîn retrograded west dnrîng the next nîne 
months. This last motion, however, he fonnd to exceed the 
previous east^rlj deviation, and constîtnted the yearly 
secnlar change. 

The direction of the horizontal needle is in no degree 
afTected by its energy as a magnet, whether possessing a 
strong or weak magnetic power ; still its direction and all 
the laws of its variation remain the same — at least so &r as 
hitherto observed. 

248. Phenomena of the Inclined Needle, — The series of 
magnetic phenomena of the earth's magnetism Tvhich next 
claim onr attention are those of the magnetic dip or the 
inclination (21). Mr. Robert Norman, a celebrated op- 
tician of London, about the year 1766, having accnrately 
poised some small compass-bars before touching them 
with the magnet, fonnd subseqnently, that when rcndered 
magnetic, they aU lost their baJance, and assumed a 
certam angnlar position in regard to the horizon, so much 
80 that the fly or cârd attached to them (147) required a 
connterpoise. This most important discovery natnrally 
excited very intense interest, as materially affecting the 
mariner's compass, and led the discoverer to construct an 
instrument by which the fnll amount of this inclination 
conld be correctly estimated, and which he fonnd at that 
time in London, viz. in 1756, to be nearly 72°. We have 
already described the nafcnre of this instrument, termed the 
dipping-needle (152) ; we have now to consider its practicai 
applicatioii to the purposes of scientifio discovery. 

The attention of mariners having become directed to the 

* Macdonald, 'Phil. Trans.' 1796. 
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inQlination of the needle, and the fly or cards of tlie compass 
as adjusted in London being fonnd to lose their horizon- 
tality bj a change of latitnde, it soon became apparent tbat 
the inclination was not everywhere the same, until, as 
akeady observed (239), it was finally found to be least in 
the eqoatorial and greatest in the polar regions of the earth. 
Following out Halley's comprehensive views of lines of eqnal 
variation, the next great step in the construction of magnetic 
charts was the addition of lines of eqnal inclination ; these 
have been termed isoclinal lines, and portray the course 
of eqnal dip in all those parts of the world in which obser- 
vations have been effected. 

248a. The Magnetic Eqtuztor.^-^la nniting in this way all 
the points in which the inclination vanishes — that is, all the 
points in which the dipping-needle (152) is horizontal — ^we 
trace in the equatorial regions of the earth the conrse of a 
most interesting and important circular line, which we may 
consider as the magnetic eqnator. This line, as hitherto 
determîned, appears embarrassed by disturbances arising 
not only from almost nnavoidable imperfections in magneti- 
cal instruments and the means of observation, but likewise 
firom the presence of ferruginoua and magnetic masses in 
certain portions of the earth itself. Sir James Ross observes 
of the island of Trinidad : ' As a magnetic station, our 
observations were here utterly useless. Three dipping- 
needles, placed at only just sufficient distance to insuro 
their not influencing each other, indicated as much as 
3° difference of dip.' * This appears also to have been the 
case at St. Helena, and all volcanic islands. 

The magnetic equator, as hitherto traced from a large 
mass of observations by Cook, Bayly, Dalrymple, ând other 
navigators, discussed by Biot, Morlet, and Hanstein, wonld 
seem to be an irregular circular line crossing the terrestrial 
equator in at least three, if not four, points. Thus, in the 

* *Anta^tîc Voyage.' 
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annexed fig. 129, if we suppose the circle w / e to repre- 
sent the terrestriaJ eqoator, then the irregular circular line 
m t o may be supposed tobe -p. j29 

the magnetic equator, evi- 

dently portraying between /^^^^ ^^^^T^^ 

the points w and o either jC ^v ir 

some great irregularity in v\^^ 5^ ^(o 

the earth's magnetic condi- n^^^^j^ ^'^^Z^^^^^^^ 

tion, or the presence of " 

some great disturbing force. From the great regularity 
iu all the other portion of the cnrve, we can readily con- 
ceive its continued progress through the dotted line dy 
snpposîng the sources of distnrbance we have adverted 
to not to exist. Duperry, who crossed the magnetic 
equator in the * Coquille ' no less than six times during the 
French expedition of 1822 to 1825, and to whose indefa* 
tîgable zeal and ability we are indebted for a most carefal 
învestigation of this great physical problem, has given, in the 
* Annales de Chimie' for 1830, a valuable magnetic chart, 
representing, according to his researches, its general course. 
Duperry traces this great magnetic curve, from his own 
observations alone, through an extent of 247° of west longi- 
tude, comprising the Atlantic Ocean, part of South America, 
the great Equinoctial Ocean, or Pacific Ocean, as far as the 
west side of the island of Bomeo. After this he relies on 
the observations of Col. Sabine atSt. Thomas, in 1822, and 
of Capt. J. de Blosselville * in the ' Chevrette,' made in 1827. 
Adopting the eastem node, as determined by Sabine, which 
he places in long. 3° 20' east of the meridian of Paris, in 
the Atlantic Ocean, not feir fix)m the west coast of Africa, 
the points of no inclination pass through Africa, and 
ascend into the northem hemisphere, probably up to the 
fiffceenth degree of north latitude, so far as the Red Sea ; 

^ This most accomplished French navigator has since perished in ez- 
ploring the frigid regîons of the Arctic circle. 

N 
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then, descending through the Indian Ocean, thej cross the 
sonthem extremity of Hindostan, the isles of Malacea, 
and tbe northem extremity of Bomeo ; then, traversing the 
great Pacific, they cross the eqnator of the globe in a seeond 
j)oint, in about long. 176° east of Paris ; so that, according ta 
this course, the magnetic equator is inclined to the eqnator 
at an angle of between 14° and 15°, crossing it in two points 
nearly diametrically opposite. Tt is not nnworthy of re- 
mark, that fonr-fifths of this great circle traverses the vast 
seas of the equatorial regions. Althongh the cnrve is cer- 
tainly tolerably regnlar thronghout at least one-half its 
conrse, yet a large amonnt of observations for all that 
portion ronning through the Pacific from 112° to 270° of 
west longitnde, tend to involve it in inexplicable windfngs, 
snch as shown in ^g, 129. By a carefol analysis of the 
observations, recorded at long intervals of time, the nodes, 
or points of intersection of the magnetic and terrestria,] 
equators, have a slow westerly movement. 

The isoclinal lines, or lines of eqnal dip, relative io 
all that portion of the magnetic eqnator w t o (fig. 129), 
which appears perfectly circular, are upon the eqnidistant 
' parallels fairly regular, and the dip pretty constant for the 
same parallel at least up to 60° of magnetic latitude (236). 
These parallels comprise Europe, Africa, the Atlantic, and 
the eastern shores of America. Biot, by a refîned analysis, 
has given a formula for the incHnation, which appears to 
represent the phenomena of the dip in some parts of 
the earth with a fair degree of precision. According to this 
formula, the inclination of the magnetic needle in any place 
is twice its magnetic latitude, a deduction first arrived at by 
Kraft, of St. Petersburgh. Thus the magnetic latitude of 
Quito, in Peru, being 6° 33' 10", the inclination shouid be 
• 13° 6' 20", that is, double this angular quantity. Now 
Humboldt gives the dip at Quito, from observation, 
i 3° 21' 54", which is a fair coincidence. Barlow, considering 
tho magnetic condition of the earth as approaching that 
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of a soft iron baJl, arrives at a similar deduction; ac- 
cording to his formula, * the tangent of the dip is double 
the tangent of the magnetic latitude.' It is, however, very 
doubt^l whetlier such formnlae can be satisfactorily applied 
to tbe wbole terrestrial surface, more especially in the 
present imperfect state of these inquiries. 

The foUowing table exhibits the inclination of the mag- 
netic needle as determined at a few remarkable places of 
the globe within a comparatively recent date. 
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Place 


Charlotte 
Sound 


Cape of 
GoodHope 


Lima 


Peru 


Alexandria 


Dip 


54° 60' 


34° 


10° 30' 


0°0' 


31° 12' 


KOBTUERN HEIUISPHEBE. 


Plac5 


Eome 


Paris 


London 


Peters- 
burgh 


Hudson's 
Bay 


Dip 


60° 


67° 


69° 


71° 


89° 67' 



It is evident from this table that the magnetic inclination 
increases as we approaoh the polar regions (239). 

The isoclinal lines appear to form irregular oval curves, 
diminishinginmagnitnde in each hemisphere as thejrecede 
from the magnetic equator. 

249. Were the mass of the earth regularly magnetic, 
having its axis and poles of revolution at a given angle wifch 
the magnetic axis, we might possibly in this case derive from 
the dipping-needie a means of determining the longitnde, for 
the parallels of magnetic latitude (236) wonld then cut the 
paraUels of geographical latitade and meridians of longitnde 
bbliqnely; bence all the points of longitnde, in the same 
parallel of terrestrial latitude, would give a different dip, as 
being at different distances from the magnetic equator 
(247). Let, for example, p z (fig. 130) be the axis of revolu- 

K 2 
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tion, and s n the magnetio axia. Let e q be tlie terrestrial, 
and e q the magnetic eqiiator ; 
take any geograpliical parallel 
d a a, and any given meridians 
of longitade a, h, c, d. Then, 
as is evident, tlie points of 
longitnde a, }>,c, d, taken upon 
the same parallel dag, will b& 
imeqnally^ distant &om the 
magnetic equator e q ; heuce 
the incliuatiun wiU be dif- 
ferent in these points ; that 
is to Bay, the iatitade bein^ 
known, the longitade wonld be a fiinctioa of the mag- 
aetic dlp, and wonld increase or decrease with the distance 
of the given point &om. the magnetic equator. Althongh the 
imperfect state of oar knowledge of terrestrial magnetism 
doee not admit of a practicai application of this method, it 
may still prove valnable in Bome particular cases, and is very 
worthy of fartter coDBÎderation. 

250, TLe magnetic dip, like the direction of tbe horizontal 
needie (241 ) , is subj ect to continnal and progresaive changea, 
botit secolar and periodica), and is at thÎB present moment 
rapidlj decreasing. Accordingtotbe recordBhondeddown to 
as by different observera in the pages of the 'Pbil. Transao- 
tîons,' the inclination at London in 1576 was 71° 50'. In 
1676 it had become VZ" 30'. In 1723 it was 74° 42', having 
here reached a maximum. In 1790 it had decreased to 
71° 53'; iu 1800 to 70° 35'. In 1821 the magnetic dip, as 
determined by Sabine, was 70° 3'. Ia 1830 Captajn Kater 
gives it as 69° 38'. According to the observations made at 
the Boyal Obaervatory, Greenwich, it is now abont 68° SC } 
having decreased abont 6° 12' in 128 yeara, or at the 
rate of abont 3' each year nearly. If the early observa- 
Hona «re io be relied ou, the maga^tic A\ţi, vthen first ob- 
by-Norman in 1576, -waa inCTe6&\'a%,«B4"\»Aii't,'WMi^ 
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n maxîirraiii in 1723, having increased abont 2^** in 147 
years ; being at the rate of about 1:^' annnaUy. Since this 
it has continnally decreased, and with increasing rapiditj. 
The mean annual movement fix)m 1830 to 1850 being at the 
rate of more than 4/ each year, whilst the first annnal 
decrease between 1723 and 1790 was only at the rate of 
about 2*5' annnally. Admitting some sonrces of error in 
the earlier observations, there is still snfficient evidence of 
an accelerated and retarded movement in the secular changes 
of the inclined needle. 

The inclination, hke the declination, appears snbject also 
to a sKght hourly variation ; it is, however, very small. 
According to Hanstein, the inclination is abont 4' greater in 
the morning than in the afternoon. 

The inclined needle, like the horizontal needle, is not 
affected by its power as a magnet as to direction ; whatever 
be the magnetic force, the angle of inclination remains the 
same nnder the same circnmstances. 

251. Needle of Oscillation, or Magnetic Pendulam. — 
Although the phenomena of the variation and inclination 
of the magnetic needle portray, nnder two peculiar forma, 
the general distribution of magnetism throughont the earth 
considered as a magnetic body, yet these forms are not so 
well adapted to convey so definite a view of the magnetism 
of our planet as would be obtained by an adeqnateexa- 
mination of the relative magnetic intensity of difierent points 
of its snrface. A large nnmber of facts have been addnced to 
show that a freely-suspended needle in a state of oscillation 
îs influenced by the magnetic force of the earth in a way 
analogons to that of a common pendnlnm oscillating by the 
infiuence of gravity ; and that hence, by means of such a 
needle (137), we may determine the ratio of the intensity 
of terrestrial magnetic force throughont the whole extent of 
the earth's snrface. This method of determining the mag- 
netic intensity in the different regîona o£ oxa ^<^^^^a»^a?â5» 
snggeated hy Graham^ so long smce aatti^yeKc'Vîl^^^a^ 
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was afterwards raore fully employed and perfected by Con- 
lomb, Hnmboldt, and Hanstein. The examinatîon of the 
earih's magnetic intensity had also, at the instigation of the 
Boyal Academy of Sciences, engaged the attention of the 
nnfortiinate La Păronse, in his expedition to the South Sea 
in 1785. The results, however, if any, perished with the 
expedition. 

The nature and principie of the instrument more espe- 
cially adapted as a magnetic pendulum has been ah*eady 
described and explained (138) ; and we have seen that the 
force urging the needle is taken as proporţional to the square 
of the number of vibrations made in a given time. It is, 
however essential to remember that, unlike the horizontal 
and inchned needles as to direction,this law applies as much 
to thie magnetic force of the needle itself (140) as to thd 
magnetic intensity of the earth, a condition which at once 
destroys the perfect analogy between a vibratîng magnetic 
needle and a common pendulum osoillating by the force of 
gravity. That would be the most perfect form of magnetic 
pendulum, which woxdd only involve in the consideration of 
the force in operation the magnetic force of the earth itself^ 
much in the same way as in measuring the force of gravity by 
ihe common pendulum, we neglect the small attractive force 
of the matter of the pendulum, as being inde&iitely small 
in comparison with the gravitating force of the earth. If a 
small needle of perfectly soft iron, not having any polarity 
of its own, and delicately suspended, could be caused to 
Tibrate across the magnetic meridian at various parts of the 
earth, solely by the inEuence of terrestrial magnetic induc- 
tion, we should then have a magnetic pendulum approach* 
ing the condition of the common pendulum ; we cannot, 
however, produce such a result, and we therefore have 
recourse to needles of tempered steel, permanently mag- 
netic; ihat ia to say, we give our pendxdum an inherent 
force, so aa to put it in a postiou to ot^t^A.^ m^ou the mag- 
neidsia of the earth. It stiH TeTXiaMia,^«t^^oT^,\»m^ţ^^ 
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what 13 ew corrections it may be requisite to introduce in ta 
our calcnlation of the experimental results obtained nnder 
this peculiar condition of the vibrating body, more especially 
when we observe (220) that the magnetic force exerted 
between opposite and permanent magnetic polarities may 
yary in a different way from that between a magnet and 
soft iron (217), and hence the same law of force between 
the centre and poles of a magnetic bar (226, Exp. 57) is not 
fonnd to obtain when the force is taken between the dif- 
ferent points of the bar and a small suspended magnet. The 
true measnre of the earth's magnetic intensity at any point 
of its surface would be its inductive force on soft iron. 
This, aceordîng to the laws we have arrived at (213), would 
be as the quantity of magnetism in operation directly, anc^ 
as the distance inversely. Supposing we could actually 
measure the reciprocal force between any point of the 
earth^s surface, considered as a magnet, and a given mass 
of soft iron without sensible polarity, then, as we have 
shown (228 and 229), the relative quantity of magnetism in 
operation, as referred to the earth, is represented by the 
square roots of the respective intensities or force of the re- 
ciprocal attraction. 

The method, however, commonly resorted to, of deter- 
mining the magnetic intensity of any point of the terrestrial 
surface, is that of the vibrating magnetic bar (137, 253), 
as being upon the whole simple and available. It is, never- 
theless, unquestionably open to objecti( n, and the results 
hitherto arrived at by such means are not to be viewed in 
any other light than that of rough approximations. When 
we employ this method, we must take especial care to 
operate with the same needle, and with a needle in which 
the magnetism may be considered as invariable ; to insure 
this, it is even found requisite to apply a small correction 
for changes of temperature. 

252. In detemiining the terrestrial rvia^ţi^\ci vc^t^^n^ 
wibh the needle of oscillation, we may eViXier crcv^o^ "Oaa 
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Fig. 131. 



inclined needle (155), or the horizontal needle (141), or 
otlierwise the vertical needle (155). From tlie circum- 
stance, however, of the greater impediment to motion in 
the construction of the dipping-needle (152), the delicately- 
snspended horizontal needle (141) is commonly preferred ; 
nowithstanding that it involves some final calcnlation before 
the total intensity can be determined. 

Let, for example, s N (fig. 131), be a light magnetic bar 
horîzontally suspended by a fibre of silk m (141). Let 
N c2 be its natural inclination or dip at a certain point of 
fiie earth's surface ; then taldng thîs line N cZ to represent 
the total magnetic force,* we may conceive this force to be 

the eqoivalent or resultant of 
two other forces : one (N_p) acting 
in the horizontal direction s N of 
the needle, and the other (n v) 
acting in the vertical, or direc- 
tion perpendicular to the line of 
the needle. These two forces 
have been termed the horizontal 
and vertical components of the 
terrestrial magnetic force, such as it is found under any 
inclined or natural direction N d, If, therefore, we take 
the oscillations of the dipping-needle as a measure of the 
intensity, we may suppose the oscillations to result from the 
whole N cZ of the terrestrial magnetic force, since the needle 
sribrates across the line N d, or line of its natural direction ; 
but if we take the oscillations of the horizontal needle as a 
measure of the intensity, then, as is evident, the vibrations 
do not result firom the action of the whole of the terrestrial 
magnetic force N d, but only fix)m that part of it N^ acting 
in the horizontal line of the needle, and which will be greater 
or less according as the direction is more or less inclined to 
the horizon. Now it is easy to see in the above fig. 131, 




* * Rudimentary Mechanics.* 



TERBESTRIAL MAGNETIC INTENSITT. 273 

that taking n j? to represent the liorîzontal component of 
the total force n d, we liave Np=cos of anglep N d (181); 
that is to say, the cosine of the dip. So that, calling total 
force N cZ = R, and the horizontal force or component 
jx p r=r, we have r=RXcos of dip, the cosine of the dip 
being the fanction of the obliquity which represents that 
portion of the whole force acting on the horizontal needle 
(195). We may arrive in a similar way at the total inten- 
sity by means of the vertical component N v, that is, by 
observing the oscillations of a vertical needle (155). In 
this case, however, we have to take into acconnt the vertical 
force N v=p cZ=sin of the angle or dip p n cZ, which, calling 
the vertical force = s, gives s = R x sin of the dip.* The 
first of these methods, however, is usually preferred; and 

from this we obtain r= 



cos of dip' 

253. We are indebted to the indefatigable Hnmboldt for 
the first practicai results of the application of the needle of 
oscillation to the investigation of the variable magnetic 
intensity of the earth. Having carefuUy determined the 
time of a given number of oscillations of a small magnetic 
needle at Paris, he transported the same needle to Peru, 
and again examined its rate of vibration ; the resnlt was, 
that whilst this needle performed at Paris 245 oscillations 
in ten minutes, it only made at Pera 211 oscillations in the 
same time. The relative intensities (138), therefore, were 
as 2452 : 2112, that is, sâ 1*3482 : 1 ; or, calling the inten- 
sity at Peru, a point of the magnetic equator, unity, then 
the force at Peru and Paris would be as 1 : l*3482.t This 

* These formulae will be more fuUy comprehended by refening to tha 
notes in paragraphs 182 and 195. 

t At the time when Humboldt made this experiment, an opinion pre- 
vailed that the intensity was the least where the dip was zero ; it vas on 
this acconnt that Peru was taken as unity. Some doubts, however, 
have since arisen upon this point ; stiU the scale assumed by Humboldt 
is usually resorted to ; hence, to express intensities less than that of the 
magnetic equator, we must employ nimibers less than unity. 

K 2 
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kînd of experiment has since been extended to almost every 
known part of the globe ; the resnlt has been a series of 
nnmbers representing tbe ratio of the terrestrîal magnetic 
intensiiy to a given unit for every point of tbe eartb's sur- 
&ce. Tbe foUowing table maj be taken as an illustration for 
a few remarkable places. 



• 

Place 


AlitdeW.of 
St. Helena 


Eio de 
Janeiro. 


Cape of 
Good Hope 


Peru 


Isle of 
France 


Intensity 


0*743 


0-887 


0-945 


1 1 1096 




Bace . 


Naples 


Paris 


Berlin 


London 


Baflfîn's 
Bay 


— TJ 

Intensity 


1-274 


1-348 


1-360 


1-369 


1-707 



It appears hj tbis table, as first annonnced by Hnmboldt, 
ihat tbe intensity is least about the eqnatorial regions of 
the globe, and greatest in the polar regions. By the inde- 
&tîgable laboors of Hanstein, Erman, and a few other 
observers, we are in possession of a table of intensities for 
a large portion of the terrestrial snr&ce. 

254. If we connect all those points in which the terrestrial 
magnetic intensity as thns deduced is the same, we arrive at 
a series of lines termed ' Isodynamic,' or lines of eqnal 
power. These lines, according to Sabine and others, are 
not always parallel to the isoclinal lines ; the differences, 
moreover, are systematic. It has been fiirther inferred, 
from a chart of these lines, that the points of greatest and 
least intensity are not identica! with the points of greatest 
and least inclination; the intensity, therefore, of the mag- 
netic equator may not be everywhere the same. 

Althongh these isodynamic lines are still rongh and 

incomplete, yet we cannot doubt of their being cnrves of 

âonhle cnrvature retuming into themselves. In Siberia 

^nd tbe Paciâc^ toward the polar'Teg^ons, they are found, 

s^ccordîng ix) Hanâtein and îirmsai, ^ GQnQ&\a\i oi ^ «si^Xkoi ^i 



FOHMS OF THE ISOGONAL LIXES. 



276 



Pig. 132. 




double loops, as it were, enclosing two polar points. The 
annexed fig. 132 may be 
taken in the way of approxi- 
mation to tlie form of tliese 
loops, in wluch a, &, are the 
points or poles of the sys- 
tem. Hanstein places the 
western of these intensity 
poles near Hudson's Bay, 
in lat. 50° N., long. 90° W. ; 
and the other eastem, or 
Siberian pole, in probably about 70*^ North latitude, and 
120° East longitude. In the southern hemisphere, the loop 
form of the intensity lines and the two intensity poles are 
more fully developed as we recede ficDm the equator. Thie 
two southern points have been placed, one to the south of 
New Holland, in lat. 60° South, long. 140° East ; the other, 
in the South Pacific Sea, also in lat. 60° South, but long. 120° 
West. These four poles, therefore, are not diametrically 
opposite each other. The intensity of the North American 
pole, and that of the southern pole, near new Holland, are 
nearly alike, being both about 1*8 ; as are also those of the 
Siberian and South Pacific poles, which are about 1*7. The 
two polar intensities, therefore, in each hemisphere, are of 
unequal force. Both the isoclinal and isodynamic lines would 
appear from these investigatious to enclose two foci or points 
of greatest attraction, the bends or flexures of the curves 
being less marked as we approach the equator. 

On comparing the observations of Sir James C. Hess 
with those of Erman, we find that the terrestrial magnetic 
force towards the south pole increases nearly in the ratio 
of 1 ; 3. Since, upon a discussion of all the bcst observa- 
tions, it appears that the maximum may be taken as 2*052, 
the minimum as 0*706; both these are found in the 
southern hemisphere. The ratio of the maximum, to t\î^^ 
mmimnm force, then, is asl * 2*9 neaxVy, ot Tva^^^ ^^"V \^ 
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From the profound inquîries of Grauss, it appears that the 
total and absolute terrestrial magnetic force, considering 
the earth as a magnet, is eqnal to sîx magnetic steel bars of 
a pound weight, magnetized to saturation, for every cubic 
yard of surface. Compared with one sucii bar, the total mag- 
netism of the earth is as 8,464,000,000,000,000,000,000 : 1, 
a most inconceivable proportion. 

The terrestrial magnetic force, as thus deduced by the 
needle of oscillation, like the elements of declination and 
âip, is subject bothto secular and periodical changes (241). 
The amount of the secular change is not yet determined, 
according to Hanstein ; however, the intensity is gradually 
declining throughout Europe. Sir James Clarke Boss, 
from observations on board the * Erebus ' in 1839, concludes 
that the line of least intensity had advanced considerably 
northward. 

The periodical and diumal variatîon, as hitherto observed, 
^ves a maximum of intensity between 9 and 10 P.M., and a 
minimum between 10 and 11 A.M. The monthly variation 
evinces a maximum in December and a minimum in June. 

The greatest change or difference in the annual intensity 
of the northern hemisphere is about 0*0359. 

255. The needle of oscillation is not the only means em- 
ployed for determining the magnetic intensity of the earth. 
Gauss resorts, for example, to a statical experiment, which 
consists in deflecting a magnet, dehcately suspended by a 
silk filament from its meridian, by means of a second mag- 
net (133), and from which he conceives the absolute inten- 
sity may be derived.* Mr, Fox also proposes to determine 
the earth' s intensity by means of weights applied on his 
dipping-needle deflector (159) to balance the dip. 

Variations in intensity are measured by the bifilar and 
vertical force magnetometers (165) (167), as also by a 
specâea of steelyard balance contrived by Professor Lloyd. J 

* See Grauss, *IntenBita8Ti8"ÎILagne\ivcsii'îeîTfts»tEVB,' &c. 
f 'Account of the Dublin Magaelie 0\>BeTrîftX«rs: 
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256. Tosiiion of the Terrestrial Magnetic Poles. — ^Tlie 
first step in the generalization of the phenomena of th© 
declination of the magnetic needle is ine to Halley, who 
conceived the notion of four terrestrial magnetic poles, two 
in each hemisphere, one fixed, the other in motion. The 
north pole, nearest to England, he places in lat. 83° North, 
longitude about 5° west of Greenwich ; the other in 
lat. 75° North, long. 115° West. The two sonthem poles he 
places, one in latitnde abont 74° South, long. 95° West ; the 
other în about 70° South lat., and long. 120° East. These 
positions he thinks consistent with the then observed direc- 
tion of the magnetic needle in various places. Churchman, 
în his * Magnetic Atlas,' only traces two poles, one in 
lat. 58° North, long. 134° West; the other in lat. 58° South, 
long. 165° East. Hanstein, from his magnetic chart of vari- 
tion, dip, and intensity (245), is led, with Halley, to înfer 
the exîstence of two poles of unequal power in each hemi- 
sphere, towards which the isogonal lines appear to converge 
bj two separate systems in each hemisphere. The stronger 
north pole he finds above the American continent, în 
lat. 70° North, long. 92° West ; the weaker he places in the 
Arctic Ocean, in lat. 85° North, long. 140° East. The stronger 
south pole he places in lat. 69° South, long. 142° East, not fer 
south-west of Van Diemen's Land ; the weaker south pole 
is în lat. 79° South, long. 136 West, being south-west of 
Terra del Fuego. These four poles, therefore, are at present 
nearly diametrically opposite ; their precise position, however, 
is subject to a great secxdar change. Did we infer the po- 
sition of the magnetic poles £rom the course of the magnetic 
equator, considering them as the extremities of the axis of 
ihis great circle, we should find the north magnetic pole în 
Greenland, a little beyond BafiSn^s Bay, lat. 78°, long. 60° 
West ; and the south magnetic pole in the Antarctic Sea, 
lat. 76° South, long. 130° East. The precise position and 
course of the magnetic equator, kowever, «x^ ^M^Vs^Oct^ 
în donbt; wbich^ together with. tlcie aY^otet^'^ ^5a^^i«t?vs«». 
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and irregular distribution of the earth's magnetism, forbids 
our placing any great confidence in the position of the two 
magnetic poles, as thus dednced. 

By observations with the dipping-needle on board H.M. 
fihip * Brazen,' in May, 1813, a point approaching verticity 
was fonnd in Hndson's Bay, in lat. 69°, long. 92° West. 
Parry, in Augnst, 1819, was to the north of this, and fonnd 
the dip 88° 37'. The position of the pole, from his snbse- 
quent observations, wonld be in abont lat. 71°, long. 93° West. 
In 1832, the observations of Sir James C. Eoss completely 
confirmed the close approximative position of this point of 
polarity. This celebrated navigator fonnd the dip near 
Prince Begent's Inlet, in the great American continent, 
lat. 70° North, long. 96° West, to be within one minute 
of 96°, and which coincides wonderfnlly with Hanstein's 
dednction. Barlow also observes : * This is precisely the 
point in my globe and chart in which, by supposing aJl 
the lines to meet, the several cnrves wonld best preserye 
tlieir nnity of character as a system.' So far, therefore, we 
have confirmed by observation the position of at least one 
point of verticity of the dipping-needle in the northem 
hemisphere. Ganss, whose enlarged, profonnd, and com- 
prehensive views of terrestrial magnetism have so long com- 
manded the attention of European science, has endeavoured, 
from certain theoretical considerations, to doubt the ex- 
istence of more than a single pole in each hemisphere, one 
of which he places in abont lat. 73° 35' North, long. 95° 
West, the other in about lat. 72° 30' South, long. 152° 
East. Both these points are not far from the results of 
observation. 

Professor Barlow, following out his formula for the dip, 
viz. tangent 5 = 2 tangent X (250), and, considering the 
magnetic condition of the earth as being analogous to thafc 
of a simple iron ball or shell (233), is led to conclude that 
each point of the terrestrial surface has its own particular 
pdlarîamg axis, the extremities of which fall probably in all 
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cases within the polar circles. Tliese are tlie leasfc limits 
we can at present assign them. There is conseqneiitly, ho 
says, no particular spot in the polar regions, which may, 
jpar excelleiice, be taken as the magnetic pole ; if there were, 
he imagines it might, by the above formula, be easily com- 
pnted, "whereas, on subjecting the observed elemente to 
calcnlations, he fonnd discrepancies of no less than 10° of 
latitnde, and 55° of longitude. Observation, however, still 
confirms the notion of a point of verticity for the dipping- 
needle. 

257. Magnetic Stonns. — ^Besides the secnlar and perio- 
dical yariations of the magnetism of the earth, as indicated 
by the phenomena of the horizontal and inclined iieedles, 
we aJso find these needles subject to certain irregular yari- 
ations, uncontrolled by any apparent law. It is to the 
illustrions and indefatigable Humboldt that we owe all cur 
first knowledge of such pertnrbations. Being engaged at 
Berlin, in 1806 and 1807, in examining the changes in the 
declination of the needle for eyery haJf-honr, his attention 
was called to certain capricions agitations in its position, 
not referable to any accidental or mechanical cause, and 
which occasionally caused so great an oscillation as to lead 
him to refer them to a sort of magnetic reaction, propa- 
gated from the interior of the earth. He accordingly 
designates these distorbances as ^magnetic storms,' as 
being analogous to the sudden changes of electric tension 
which ensne in the electric storms of the atmospheve. 
During these storms the needle is obseryed to be afifected 
by a sort of shiyering motion, and to oscillate seyeral de- 
grees on each side of its mean position. In 1818, further 
obseryations were made simultaneously by Arago at Parîi^, 
and Knpfifer at Kassan, in Bnssia, which showed, in a 
satisfactory way, that these pertnrbations, annonnced by 
Humboldt, occurred in both places at the same instant of 
time, notwithstanding that the places of observation were 
separated by 47° of longitude. FuU attention being at 
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length called to this subject, Hnmboldt, in 1830, succeeded 
in establishing magnetic observatories in varions parts of 
Rassia, wbich have since been extended to other parts^ of 
the world (168), constituting such a network of inquiry 
into all the great fia«cts of terrestrial magnetism as wonld 
have been but a few years before difficxdt to imagine. Since 
the year 1828, from Toronto, in Upper Canada, to the Cape 
of Good Hope and Van Diemen's Land, from Paris to 
Pekin, we find magnetic observatories, all established nnder 
one uniform system, and carrying on similar and simnlta- 
ueons observations. The principal magnetic instmments 
employed in these observatories have been already described 
(161), and from continuons observations, carefally regis- 
tcred, in almost every coxmtry of the globe, we are pre- 
fiented with the startling fact of an nnceasing series of 
what may be termed terrestrial magnetic pnlsations, 
eztending simxdtaneonsly over an interval eqnal at least 
to the whole breadth of Enrope, and perhaps over the 
whole terrestrial surface. * When,' says Humboldt, * the 
tranqnil hourly motion of the needle is distnrbed by a 
magnetic storm, the perturbation frequently proclaims 
itself over hnndreds and thousands of miles simnltaneously, 
or is propagated gradually in brief intervals of time in 
every direction over the snr&ce of the earth.'* 

258. Beside these magnetic distnrbances referable to 
8ome hidden and sndden change in the condition of the 
earth's magnetism, we find other singular distnrbances in 
the position of the magnetic needle at the instajit of the 
appearance of the Aurora Borealis, or Northern Lights. 
This tact was especially noticed and studied by Dalton so 
long since as the year 1793, who observed that the luminous 
beams were parallel to the dip, and the arches at right 
angles to the magnetic meridian. This disturbance of the 
magnetic needle consists in an irregular oscillation some- 

* 'Cosmos.' 
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times to the eastward, and tlien to the westward of its 
mean direction. The greatest amonnt of disturbance is 
when the aurora is in the zenith. Hanstein also, who has 
studied this phenomenon, says that the shivering move- 
ments of the needle never perhaps occur except at the time 
of an anrora, and that the disturbances are felt at the same 
instant of time in places widely separated ; the extent of 
the movement may, in twenty-fonr hours, amonnt to between 
5° and 6°. Arago thinks that the aurora distnrbs the needle 
even before the light shows itself in the horizon. The 
auroras which are only visible in America and Siberia are, 
he says, found to affect the magnetic needle at Paris. It 
is not improbable that the presence of an anrora and the 
disturbance of the magnetic needle are both effects of the 
same or a similar cause, so that we cannot assume the pre- 
sence of the aurora as the active force ; we shoxdd rather 
regard it as an accompanying phenomenon ; more especially 
as we find, according to Capt. Foster's observations at Port 
Bowen, that during certain auroras the magnetic needle 
remains undisturbed. It has been further shown experi* 
mentally, by the autherof this work (*Edinb. Phil. Trans.' 
1834, voi. xiii.), that the magnetic osciUations are tm- 
afifected by the presence of a powerful column of mere 
electrical light flashing through an exhausted receiver 
6 feet high and 4 inches in diameter. 

Halley, more than a century since, considered the aurora 
to be a magnetic phenomenon, a conjecture which bids faîr 
to receive complete confirmation. According to Humboldt, 
the aurora may be considered as a terrestrial magnetic 
activity raised to the intensity of a luminous phenomenon, 
one of the sides of which is the light, the other the dis- 
turbance of the needle ; so that this magnificent appear- 
ance may be considered as the act of discharge at the con- 
clusion of a magnetic storm. 
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CHAPTER Vm. 

TBBRESTEIAL MAGNETISM (continued,) 

Great Kecent Progresa of the Science — Reports of the Committee of 
Physics and of the Joint Committee of the Royal Society and British 
Association — Observations taken at the Observatories of Kew and 
Greenwich — Yariatîons of the Magnetic Dip in London. 

259. The science of terrestrîal magnetism has received 
remarkable development siuce the publication of the first 
edition of this work in 1852. The institution of the 
colonial magnetic observatories, on the joint recommenda- 
tion of the Eoyal Society and British Association, and the 
continuous photographic records at the Kew Observatory, 
have introduced investigations of a much wider scope than 
had been contemplated by any previous institutions, or 
than had been provided for by the arrangements or instru- 
mental means of any previons establishment, whether 
naţional or private. 

Thetwo chief branches into which the science of ter- 
restrial magnetism in its presant state may be divided, may 
be stated to be these.* 1. Observations on the actnal 
distribution of the magnetic infinence over the globe at the 
present epoch in its mean or average state, when the eflTects 
of temporary fluctuations are either neglected or eliminated 
by extending the observations over a sufficient time to 
nentralize their effects. 2. The history of all that is not 
permanent in the phenomena, whether it appear in the form 

* * What Colonial Magnetic Observatories have accomplished,* Sabine, 
* Proc. Roy. Soc.* voi. viii. p. 396 ; and * Eeport of the Committee of Physics, 
appointed and approved by the President and Conncil of the Eoyal 
JSocJetf,* 
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of momentary, daily, monthly, or annual cliange and 
restoration ; or in progressive clianges not compensated by 
counter cbanges, but going on continually accumulating in 
one direction, so as in the course of many years to alter 
the mean amount of the quantities observed. 

Witb reference to the first of these two brancbes, the 
Report goes on to state : — * The three elements, viz. the hori- 
zontal direction, the dip, and the intensity of the magnetic 
force, require to be precisely ascertained before the mag- 
netic state of any given station on the globe can be said to 
be fuUy determined . . . and as all these elements are 
at each point now ascertained to be in a constant state of 
âuctnation, and affected by transient and irregular changes, 
the investigation of the laws, extent, and mutual relations 
of these changes is now become essential to the successful 
prosecution of magnetic discovery.' 

With reference to the second branch, viz. the secular 
and periodical variations, it is observed that 'the j>/o- 
gressive and periodical being mixed up with the transitory 
changes, it is impossible to separate them so as to obtain a 
correct knowledge and analysis of the former without 
taJdng express account of, and eliminating the latter ; ' and 
with reference to the secular changes in particular, it is 
remarked : * These cannot be concluded from compara- 
tively short series of observations without giving to those 
observations extreme nicety, so as to determine with perfect 
precision the mean state of the elements at the two ex- 
tremes of the period embraced, which, as already observed, 
presupposes a knowledge of the castuil deviations.' 

With regard to the phenomena designated *casual 
variations,' all that was known, when the Report of the 
Committee of Physics was written, was that there occurred 
occasionally, and, as it was supposed, irregularly, distur- 
bances in the horizontal direction of the needle, which were 
known to prevail with an accord which it was impossible 
to ascribe to accident, simuUanecmsly over considerable 
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spaces of the earth's surface, and were believed to be in 
some nnknown manner connected, eitlier as cause or effect, 
with tlie appearances of the Aurora Borealis. The chief 
featnre by which the presence of a disturbance of this 
class could be recognîsed at any instant of observation — or 
by which its existence might be subsequentlj inferred inde- 
pendently of concert or comparison with other observatorîes 
— ^appeared to be the deflection of the needle from its usual 
or normal position to an amonnt much exceeding wbat 
might reasonably be attribnted to irregularities in the ordi- 
nary periodical fluctuations. The observations which had 
been made on the disturbances anterior to the institntion 
of the colonial observatories had been chiefly confined to 
the declination. 

A few of the German observatories had recently begnn 
to note the disturbances of the horizontal force ; but as yet 
no conclusions whatever had been obtained as to their laws. 
By the instructions of the committee, the field of research 
was enlarged, being made to comprehend the disturbance 
phenomena of the three magnetic elements ; and the im- 
portance of their examination was urged, not alone as a 
means of eliminating their influence on the periodic and 
progressive changes, but also on the independent ground 
that * the theory of the transitory changes might prove 
itself one of the most interesting and important points to 
which the attention of magnetic inquirers can be tumed, 
as they are no doubt intimately connected with the general 
cause of terrestrial magnetism, and will probably lead us 
to a much more perfect knowledge of these causes than 
we now possess.' 

For the discussion of the laws of * irregular ' changes, 
the magnitude of the departure from the usual or normal 
state at the instant of observation was made available, and 
the observations taken at Toronto, Hobarton, and St. 
Helena have fumished data for the investigation at three 
points of the earth's surface — one in the temperate zone of 
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the northeni hemispliere, a second in the temperate zone 
of the southe'im hemisphere, and a tliird in the tropics — of 
the laws, extent, and mutual relation of these transient 
or irregular changes as affecting the three magnetic ele- 
ments, viz. the declination, the inclination, and the total 
force. 

One of the results of this investigation is, that the phe* 
nomena of this class, which may be termed ' occasional,* 
are in their mean or average effects subject to periodical 
laws of a very systematic character ; placing them, as a 
first step towards an acquaintance with their physical 
causes, in immediate connection with the sun as their prî» 
mary cause. They have (1) a diumal variation, which 
follows the order of the solar hours, and manifests there- 
fore its relation to the sun's position as afiected by the 
earth's rotation round its axis. (2) An annual variation 
connecting itself with the sun's position in regard to the 
ecliptic. (3) A third variation, which seems to refer still 
more distinctly to the direct action of the sun, since, both 
in period and in epochs of maximum and minimum, it 
coincides with the remarkable period of about ten, or per- 
haps more nearly eleven of our years, the existence of which 
period has been recently made known to us by the pheno- 
mena of the solar spots, but which, as far as we yet know, 
is wholly unconnected with any thermic or physical varia- 
tion of any description (except magnetic) at the surface of 
the earth, and equally so with any other cosmical pheno- 
mena with which we are acquainted. 

Now that it is become known that these * casual pertur- 
bations ' are govemed by periodical laws, and that these 
laws and those of the regular * periodical variations ' are 
dissimilar in their epochs, it is manifest that in their joint 
and undivided effects, we have two variations due to different 
causes and having distinct laws superimposed upon each 
other. To know the one correctly, we must necessarily, 
therefore, eliminate the other. 



286 RUDIMENTARY MAGNETISM. 

A carefal analysîs of the solar-diumal variation of the 
declination at the colonial observatories has brought to 
light the existence at all the stations of an annual înequality 
in the direction of the needle, concurrent with changes 
in the sun's declination, having its maxima (in opposite 
directions) when the sun is in or near the opposite 
Bolstices, and disappearing at or near the epochs of the 
eqxiinoxes. An intercomparison of the results of analysis 
at these stations has shown that this inequality has the 
remari^able characteristics of having notably the same 
direction and amonnt in the southem as in the northem 
hemisphere, and in the tropical as in the temperate zones. 

260, In August 1857, a committee, consisting of the Pre- 
sident of theBritish Association, theRev. Dr. Robinson, and 
Major-Q-eneral Sabine, co-operating with the President and 
Council of the Royal Society, was appointed to take steps 
for procuring a continuance of magnetic and meteorological 
observatories in the British colonies. In their Report the 
committee state, as the most important results of the dis- 
cussion, as far as it had then gone, of the accumulated 
observations at the observatories at St. Helena, Toronto, 
Hobarton, and the Cape of Good Hope as foUows : * — 

1. The mean state of the several magnetic elements 
for each station, viz. dip, declination, and intensity, as 
reduced to a fixed epoch, has been obtained with precisîon. 
2. The rate of progressive secular change has been de- 
termined with precision in all the elements. 3. The 
laws of diurnal, annual, and other periodic fluctuations in 
the valaes of the elements have been established with such a 
precision as to open views of magnetic action of a singular 
ftnd unexpected character, for it has been demon striated 
that the sjstems of diurnal and annual magnetic changes 
may be separated into two perfectly distinct and physically 

* * Keport of a Joint Committee of the Eeyal Societj and the British 
Association, for procuring a continuance of the Magnetic and Meteoro- 
logical OLsciratorics/ ' Proc. Kx)y. Soc' voi. ix. p. 457. 
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independent systems — (1) the one at any particular 
station holding its course according to laws depending 
solely on the snn's hour-angle at the moment of observation, 
and his meridian altitude at different seasons ; (2) the 
other comprehending all those movements which, nnder the 
narae of 'magnetic storms,' or *irregular disturbances,* 
have hitherto presented the perplexing aspect of pheno- 
mena purely casual. 

The snn's regular action on the magnetism of the globe 
has been shown to be referable, in the first place (and for one 
of its arbitrary coefficients), to the geographical sitaation 
of the place of observation wifch respect to a certain line of 
eqnator on the earth's sxirface, and in the next place to the 
fact of the sun's having a north or south declination ; so 
that the whole diurnal change in any one of the elements, 
and at any station, is made up of two portions, one of 
which retains the same sign, and a constant coeficient all 
the year round ; the other changes sign and varies in the 
Value of its coefficient with the annual movement of the 
sun from one side of the equator to the other ; that con- 
sequently for a station on the magnetic eqnator so defîned, 
the mean amount of diurnal change is nil, when taken 
over the whole year, but in any particular day in the year 
it has a determinate magnifcude which passes through an 
annual periodicity with opposite characters in opposite 
seasons. And that for a station in middle latitude the 
mean diurnal fluctuation is not nil, but such as during 
every part of the year to exhibit an easterh/ deviation in 
the moming hours, and a westerVy deviation in the evening 
hours, for stations nm^th of the magnetic equator, and vice 
Tcrsâ for the south of it, but that the amount of thi» 
deviation or the amplitude of the diurnal fluctuation varies 
with the seasons, being exaggerated or partly counteracted 
by the alternate conspiring and opposing influence of the 
sun's declination during the summer and winter seasons. 
• As regards the irregular disturbances, they are found to 
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conform in their average effect at eacb of the twenty-fonr 
honrs of tlie day, and on each day of the year, to the very 
same rvlea as regards the snn's daîly and annnal movement,. 
with one remarkable point of difference, viz. *that their 
honrs of maxima and minima are not identical with those 
of the regnlar class, bnt that each particular station has in 
thîs respect its own pecnliar honrs analogons to what i» 
called the estahUshment of a port in the theory of tides, and 
that in conseqnence, the snperposition of these two systems 
of dinmal flnctnation gives rise to a system of componnd 
variations analogons to the snperposition of two nndu» 
lations, having the same period, bnt difierent amplitndes; 
and difierent epochal times, and that by attending to this 
principie many of the most complex phenomena, snch as- 
that of a donble maximnm and minimum, with the oc* 
cnrrence of a nightly as woll as a daily movement, are ex- 
plained in a satisfactorj manner.' 

The discussion of the observations made in the colonial 
magnetic observatories np to 1857 has also fiilly established 
the existence of a very extraordinary periodicity in the 
extent of flnctnation of aU the magnetic elements, and in 
the amplitnde and freqnency of their irregnlar movements,. 
especially, which connect themselves directly with the jphy' 
sical constitution of the sun, and with the periodical greater 
or less prevalence of spots on his surface ; the maxima of 
the amonnt of flnctnation correspond to the maxima of the 
spots, and these, again, with those of the exhibitions of the 
Aurora Borealis, which appears also to be subject to the 
same law of periodicity — ^a law which, as it does not agree 
with any of the otherwise known solar, lunar, or planetary 
periods, may be considered, so to speak, personal to the sun 
himself. 

Such is a brief summary of the results obtained at 
the colonial observatories up to the time of the report of 
the joint committee. We wiU now attempt a brief review 
of what has since been accomplished at the home observa- 
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toiies — ^those, namely, of Kew and Greenwicli — for the 
material s of which we are mainlj indebted to the luminous 
memoirs of Sir Edward Sabine, the Astronomer-Royal, and 
Dr. Balfonr Stewart, whieh appear in the ' Transactions 
and Proceedings of the Eoyal Society.' 

261. Kew. — ^The method of^investigating the laws of the 
larger magnetic disturbances of the declination at the Kew 
Observatory is thus explained by Sir Edward Sabine.* The 
photographs of the self-recording dechnometer fdmish a 
continuous record of the variations which take place in the 
declination magnet, and admit of an exact measurement in 
the two relations of Urne and of the amount of departnre 
from a zero line. From this automatic record the directiou 
of the magnet is measured at twenty-four equal intervale of 
time in every solar day, which thns become the equivalents 
of the *hourly observations ' of the magnetometers in use 
at the colonial observatories. These measnres or honrly 
directions of the magnet are entered in monthly tables, 
having the days of the month in successive horizontal lines, 
and the hours of the day in vertical columns. The * means * 
of the entries in each vertical colnmn indicate the mean 
direction of the magnet at the different honrs of the month 
to which the table belongs, and have received the name of 
first normals, On inspecting each monthly table, it îs at 
once seen that a considerable portion of the entries in the 
several colnmns differ considerably from their respective 
means or first normals, and must be regarded as distv/rhed 
observations. The laws of their relative frequency and 
amount of disturbance in different . years, months, and 
hours are then sought out by separating for that purpose a 
sufficient body of the most disturbed observations, com- 
puting the amount of departure in each case from the normal 

* * The Laws of the Phenomena of the larger Magnetic Disturbances 
of the Declination in the Kew Observatory, with notices of the progresa 
of onr knowledge regarding Magnetic Storms/ byMajor-General Sabine. 
Read Nov. 16, 1860. * Proc. Boy. Soc.* voi. x. p. 624. 
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of tlie same month and hour, and arranging tlie amounts in 
annual, monthlj, and honrly tables. In making tliese com- 
pntations, tlie first normals require to be themselves cor- 
rected, by the omission in eacli vertical colnmn of the entries 
noted as 'distnrbed,' and by taking fresh means, repre- 
senting the normals of each montli and bour after this 
omission, and tlierefore uninfluenced by tbe larger disttuv 
bances. These new means have received the name of final 
nonnals^ and may be defined as being * the mean directioii 
of the magnet in every month and every hour, after the 
omission from the record of every entry which differed from 
the mean a certain amount either in excess or in defect.' 

In a scale on which the changes of direction of the decli- 
"pation magnet are recorded in the Kew photographs, one 
inch of space is eqnivalent to 22*04/ of arc. On a general 
view and consideraţi on of the photographs dnring ] 858-9, 
0*15 inch, or 3*31' of arc, appeared to be a suitable amount 
for the separating value (the measure of a large distnr- 
bance) to bo adopted at that station ; conseqnently every 
tabnlated value which differed 3*31', or more either in 
excess or defect from the final normal of the same month 
and hour, was regarded as one of the larger disturbances, 
$/nd separated accordingly. 

The number of ' disturbed' observations in the two years 
was 2,424, viz. 1,211 in 1858, and 1,213 in 1859, being 
between one-seventh and one-eighth of the whole body of 
hourly directions tabulated from the photographs, of which 
the number was 17,319. The aggregate value of distur- 
bance in the 2,424 observations was 14,901 minutes of arc, 
of which 7,207 minutes were deflections of the north end of 
the magnet to the loest^ and 7,694 minutes to the east. 

The number of disturbed observations, as well as their 
aggregate values, approximated very closely in each of the 
two years, 1859 being in slight excess. The decennial 
period of the magnetic storms indicated by the observa- 
tions at the British colonial observatories between 1840 
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and 1850, had led to the anticipation that the nexfc epoch 
of tlie maxima of the cycle miglit take place in the 
year 1858-9. The nearly equal proportions in which the 
number and aggregate values of the larger dis turban ces 
took place in 1858—9, are so far in aceordance with this 
view. 

262. Laws of the Westerly and Easterly Beflection at Kew.-^-' 
The westerly and easterly deflections in the British Islands, 
as represented by the automatic records at Kew, are obvi- 
ously govemed, as in all other parts of the globe where the 
phenomena have been analysed, by distinct laws. 

The westerly deflections have their chief prevalence fpom 
5 A.M. to 5 P.M., or during the hours of the day ; the easterly 
deflections, on the other hand, chiefly prevail during the 
hours of the night, the ratios being above unity from 7 p.m. 
to 3 A.M., and below unity at all other hours. The easterly 
deflections have one decided maximum, viz. at 11 p.m., 
towards which they steadily and contiuuously progress from 
5 P.M., and from which they as steadily and continuously 
recede until 5 a.m. the foUowing moming. The westerly 
deflections appear to have two epochs of maximum, one 
from 6 to 8 a.m., the other about 3 p.m., progressing regu- 
larly towards the first named from 3 a.m., and receding 
from it to 9 a.m. At 9, 10, and 11 a.m. the ratios remain 
almost sensibly the same, but towards noon they begin to 
increase afresh, and continue to do so progressively to the 
second maximum at 3 p.m., from which hour they prugre:,- 
sively decrease to 7 p.m. Those ratios which are less than 
unity, viz. those of the westerly deflections from 6 p.m. to 
4 A.M., and of the easterly deflections from 4 a.m. to 6 p.m., 
do not in either case exhibit the same decided tendency to 
one or two well-marked minima, as the ratios which are 
above unity do in both cases towards their maxima, 

263. Magnetic Storms. — On comparing the phenomena 

observed at Hobarton, in Tasmania, with those observed at 

Kew, the laws of the magnetic storms experienced at both 

o 2 
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staţiona exhibit a resemblance not only general, bnt extend- 
vag to such minnte particulara that it ia impossible to reaist 
the impression that the accordance is not accidental. Th© 
diaturbing effecta dne to magnetic atorma are, however, 
Bomewbat greater at Kew than at Hobarton. 

The firat reference of magnetic atorma to the aun aa their 
primary canae was soon foUowed by a far more atriking 
preanmptive evidence of the aame by the farther diacovery 
of the exiatence of a periodical variation in the frequency 
of the occnrrence and amonnt of aggregate effecta of th© 
magnetic atorma corresponding in period and coincident in 
epoch of maximnm and minimum with the decennial 
variation in the frequency and amount of the apota in the 
Bun's disc derived by Schwabe from hia own ayatematic 
observations, commenced in 1826, and continued thence- 
forward. 

The decennial variatîona of the magnetic atorma ia baaed 
on the obaervationa of the four widely diatributed colonial 
obaervatoriea, and ia concurred in by all. Thia remarkable 
correapondence between the magnetic atorma and phyaical 
changea in the aun'a photoaphere, of such enormoua magni- 
tude aa to be viaible from the earth even by the unaaaisted 
eyea, must be held to terminate altogether any hypotheais 
which would aaaign to the cauae of the magnetic diatur- 
bancea a local origin on the aurface, or in the atmoaphere 
of our globe, or even in terreatrial magnetiam itself, and 
to refer them, as coamical phenomena, to direct aolar 
influence. 

Two magnificent auroral diaplaya, the firat commencing 
on the evening of Auguat 28, and the aecond on the early 
moming of September 2, 1869, were observed nearly at 
the aame time throughout the globe, and at the time of 
their occnrrence a large spot was seen on the diac of the 
sun. Magnetic diaturbancea of great violence occurred 
simultaneously with these diaplaya. Telegraphic commu- 
nication waa in many inatancea interrupted, and in some 



MAGNETIC STORMS. 293 

cases the ctureiit produced in the wires was so powerfol 
that it was used instead of the ordinary cnrreiit, the batteries 
being cut off, and the wires connected with the earth. 

As regards the magnetic needle, the average effect of the 
disturbances* was to increase the declination and to 
diminish the horizontal and vertical components of the 
earth's magnetic force. 

On the forenoon of September 1, 1859, at 16 minutes 
past 11 o'clock, a third, but minor, distnrbance took place, 
which affected the magnetograph at Kew simnltaneonsly 
with the breaking ont near a spot in the sun's disc of a 
bright star, which was observed independently by Mr. 
Carrington and Mr. Hodgson. 

A study of the cnrves fumished by the magnetographs 
dnring this great storm seems to throw light npon the con- 
nection which snbsists between magnetic disturbances, 
earth cnrrents, and axtroral displays. These cnrves show 
that at the commencement of the distnrbance the horizontal 
and vertical components of the earth's force remain de- 
pressed below their normal valne for at least seven honrs. 
The cnrves for this portion of tîme have also a peculiar 
serrated appearance, as if in the great distnrbance, whose 
period was seven honrs, there were snperimposed smaller 
waves, whose period might perhaps be only a few minutes, 
or even less. 

Referring to this serrated appearance, Balfour Stewart 
suggests two hypotheses which may be entertained regard- 
ing them,t viz. (1) they may be conceived to represent 
small -and rapid changes in the intensity of the whole 

* ' The great Magnetic Distnrbance of Angust 28 to September 7, 
1859, as recorded by photogiaphy at the Kew Observatory/ by Balfour 
Stewart. Eead before the Boyal Society, June 28, 1861. ' Proc. Eoy. 
Soc.* Tol. xi. p. 407. 

t ' On the Forces concemed in producing the larger Magnetic Distur- 
bances/ by Balfour Stewart. Bead June 14, 1862. * Froc. Boy. Soc.' 
Tol. xii. p. 194. 
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disturbing force which acts npon tlie magnet ; (2) the peaks 
and hoUows may be snpposed dne to tbe direct action of 
earfh currents npon the magnets. Tliis second hypothesis 
be regards as nntenable, becanse tbe peaks and boUows of 
tbe distnrbance cnrves do not accord with the directions of 
the earth currents, as observed bj Mr. Walker in the 
telegraphic lines between Margate and Ramsgate, and 
between Ramsgate and Ashford. Mr. Stewart considers 
eartih currents to be probably induced currents due ta 
sudden and rapid changes in the magnetism of the earth. 
The peaks and hollows he considers as representing smaJl 
and rapid changes in the intensity of the whole disturbing 
force which acts upon the magnet, and these peaks and 
hollows, he thinks, may be made use of to analyze the 
forces concemed in producing disturbances. 

264. Lunar Variation, — ^M. Kreil first suggested the exîst- 
ence of a lunar diumal variation of declination, from obser- 
vations made at Milan and Prague. The character and 
amount of the moon's influence on each of the magnetic 
elements has been determined at Toronto, St. Helena, and 
Hobarton. AII the observations present the same general 
character s, viz. a double progression in the 24 hours, having 
epochs of maximum and minimum symmetricallj disposed. 
In character, therefore, it differs fix)m what might be 
expected to take place if the moon were possessed of 
inherent magnetism. On the other hand, it is believed that 
the amount of the variation far exceeds what can be 
imagined to proceed from the earth's inductive influence 
reflected from the moon. 

The aspect of the lunar diumal variation at Kew* and 
Hobarton presents features of great simplicity as well as 
accord. The form at both stations is a division of the 24 
lunar hours into four equal or nearly equal portions, in 

* ' The Lunar Diumal Variation of the Magnetic Declination, obtained 
fpom the Kew Photograms in the years 1868, 1869, 1860,* by Major- 
General Edward Sabine. 'Proc. Roy. Soc.' voi. xi. p. 73. 
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wHch the magnet is attracted altemately to the East and 
to the West of its mean position, which is passed throngli 
fonr times in the progress of the magnet towards two 
extreme easterly and two extreme westerly deflections. The 
easterly extremes are about 12 hours apart, and the westerly 
the same, This appears to be the general form of thB 
lunar dinmal variation of the declination at all the stations 
at which it has been examined. It is also that of the cor- 
responding variations of the dip and total force. 

The lunar times when the moon's influence produces no 
deflection (or the times when the variation is zero) are four, 
and are nearly the same at Kew and at Hobarton, two of 
them being a little more than an hour before the moon's 
passage of the meridian, both at her upper and lower 
culminations, and the other two intermediate. So far, the 
two stations are alike ; but in regard to the direction 
towards which the magnet is deflected, (if in conformity 
with general usage, we speak in both hemispheres of the 
north end of the magnet,) the variation becomes west at 
Kew when it becomes east at Hobarton, and vice versâ the 
phases while agreeing in hours at the two stations having 
throughout opposite signs. 

Sir Edward Sabine,* from a tabulation of the records 
derived from a seven years' series of photograms obtained 
at the Kew Observatory between January 1, 1858, and 
December 31, 1864, deduces the following fact connected 
with the lunar influence on the terrestrial magnetic in- 
fluence, viz. a lunar diurnal variation, small in amount, 
but having peculiar and well-marked systematic character- 
istics, exists in each of the magnetic elements, presenting 
a similarity and accordance, which it is impossible to regard 
as accidental, with the results obtained at several other 
widely separated localities in the middle latitudes of both 

* * Kesults of the Magnetic Observations at the Kew Obsen-ator}'^» 
No. III. Lunar diurnal Variation of the three Magnetic Elemerts.' By 
3Iajor-General Sabine. * Proc. Roy. Soc.' voi. xv. p. 249. 
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hemispheres, as, for example, at HobartoB, Toronto, Phila- 
delpliia, Pekin, and the Cape of Good Hope. 

A magnetic variation shown to be thns obviously de- 
pendent upon the moon's position relatively to the terrestrial 
meridian, and agreeing in its principal features in such 
varions localities, is nrged by Sabine, as being ascribable 
with great probability to the direct magnetic action of the 
moon, made sensible at the snrface of the earth through the 
prodnction of phenomena which, in the present state of onr 
knowledge as regards the magnetism, both of the earth and 
of the moon, it is as yet difficult wholly to explain, but 
which are likely to lead to a considerable advance of onr 
knowledge in both these respects. 

265. Secular Ghange and Awnual Variation of the BecUnO' 
iion,* — There is at Kew a variation in thedeclination having 
an annnal period, and consisting of a semi-annual ineqnalily 
with epochs coincident, or nearly so, with the snn's passage 
of the eqaator, the magnet being deflected towards the 
east when the sun is north, and towards the west when he 
is south of the equator. 

The amonnt of semi-annnal ineqnality averages— 28*95" 
in the weeks from March 21 to September 21, and + 29'9" 
in those from September to March. The whole amonnt of 
variation is therefore 58 '86". 

A comparison with the resnlt of investigations of the 
corresponding phenomena at Hobarton, in the southem 
hemisphere, and at St. Helena, in the eqnatorial zone, shows 
the existence of a semi-anmial ineqnaUty, with epochs coin- 
ciding or nearly so with the eqninoxes at both stations, the 
deflections being in the same directions'as those at Kew, viz. 
to the east when the sun is north, and to the west when 
he is south of the equator. The amount of the annual 
variation thus produced is less at St. Helena, than at either 

* * Resultfl of Magnetic Obsşrvatîons at the Kew Observatory, from 
1868 to 1862 incluşi ve/ by Major-General Sabine. 'Proc. Koy. Soc.* 
rol jdi. p, 623. 
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Xew or Hobarton, the semi-aimnal difference being about 
7", and the annual variation 14". 

It is remarked by Sabine, that tbe difference in amonnt 
of deflection at the three stations may in part at least be 
occasioned by the difference in amonnt of the antagonistic 
force of the earth's magnetism tending to retain the magjnet 
in its mean position in opposition to all distnrbing causes. 
The antagonistic force, viz. the horizontal component of the 
earth's magnetic force, is approximately 5*6 (in British 
units) at St. Helena, 4*6 at Hobarton, and 3*8 at Kew. 

On snbmitting the corresponding phenomena observed 
at the Cape of Good Hope to a similar investigation, an 
annnal variation is shown of 0*8' (or 48"), or a semi-annnal 
ineqnality, averaging 24", to the east in the thirteen fort- 
nights from March 26 to September 23, and 24" to the 
west in the thirteen fortnights from Sept. 24 to March 25. 
This is in accordance witb the conclnsions at the other 
stations. The antagonistic horizontal component of the 
earth's magnetism at the Cape is approximately 4*5. 

The results of the monthly determinations of the dip and 
horizontal component of the magnetic force at Kew, as 
bearing npon the qnestion of annnal variation, may be 
stated as follows. 1. The dip is snbject to an annnal va« 
riation which, on the average of six years, amonnts to ] '35', 
consisting of a semi-annnal ineqnality, with epochs coin- 
ciding, or very neaţly so, with the eqninoxes, the mean dip 
being, on the average, 0*66' lower than its annnal mean valne 
in the six months from April to September, and 0*7' higher 
than its annnal mean valne in the six months from October 
to March. 2. That the horizontal force is snbject to a 
semi-annnal ineqnality, having the same epochs, being, on 
the average, '0013 higher than its annnal mean in each of 
the six months from April to September, and '0013 lower 
than its annnal mean in each of the six months from October 
to March. 3. That combining the results of the dip and 
horizontal force, the total t^restrial magnetic force ia 

o 3 
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expressed in British units by 10*3002 as its mean value in 
the months from April to September, and by 10*30347 in 
the months from October to Marcb, tbere being thus a dif- 
ference of '00327, by wbicb. the intensity of the magnetic 
force of the earth is greater in the months when the sun is 
south than in the months when he is Twrtli of the eqnator. 

266. The results of the monthly observations of dip and 
horizontal force, made at the Kew Observatory in the snc- 
ceeding six years, viz. from April 1863 to March 1869 
inclusive, have been rednced in a similar manner by Dr. 
Balfour Stewart.* 

First, as reyards the Dip, — From the six years' observa- 
tions there is dednced the existence of a semi-annnal 
ineqnality, in virtue of which the dip is, on an average, 0*27' 
lower in the six months from April to September, and 0*27' 
higher in the six months from October to Marcb, than is 
dne to its mean value. This result is in the same direction 
as that found by Sabine for the six years ending March 
1863, but is less in amount than the latter; that deter- 
xnined for the first six years exhibiting a range of 1*31', while 
that determined from the sncceeding six years' period only 
exhibits a range of 0*54'. From the first six years a mean 
dip is deduccd equal to 68* 20*07', corresponding to middle 
epoch April 1, 1860 ; and from the latter six years a mean 
dip equal to 68° 6*62', corresponding to middle epoch 
April 1, 1866 ; while the secular change deduced from the 
first series is 2', and that deduced from the last series is 
1*92', the mean of the two values being 1*96'. Applying 
this mean value of the secular change to the mean result 
corresponding to the epoch April 1, 1860, in order to bring 
it to the epoch April 1, 1866, we obtain 

68° 20-07'- 11*76' = 68° 8-31'; 
whereas that deduced from the second series corresponding 

* * Kesults of the monthly Observations of Dip and Horizontal Force 
made at the Kew Observatory from April 1863 to March 1869,' by 
2fe BalfouT Stewart. *Proc. Eoy. Soc* voi. xviii. p. 231. 
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to this epoch is 68° 6*62', the former of theso is 1*69' 
higlier than tlie latter. Now it was remarked by Sir Ed- 
ward Sabine (' Proc. Eoy. Soc/ Nov. 30, 1865, p. 491), that 
* the general effect of the distnrbance of the inclination at 
Toronto is to increase what would otherwise be the amonnt 
of tbat element ; and therefore, if the disturbances have a 
decennial period, the absolute values of the inclination, if 
observed with snfficient delicacy, ought to show in their 
annrial means a corresponding decennial variation, of which 
the minimum shonld coincide with the year of minimum 
disturbance, and the maximum with the year of maximum 
dîsturbance»' 

At Toronto, where the true secular change is very small, 
the eflfect of this superimposed variation is very visible, so 
that the yearly values of the inclination appear to increase 
up to the period of maximum disturbance, and to decrease 
after it. At Kew the general eflfect of disturbances is pro- 
hahly the same as at Toronto ; that is to say, tending to 
increase the inclination. The joint eflTect of the secular 
change, and the superimposed variation might be expected 
to appear in a diminution of the yearly secular change for 
those years during which the disturbances are increasing 
from their minimum to their maximum value, and in an in- 
crease of the yearly secular change for those years during 
which the disturbances are decreasing from their maximum 
to their minimum* Dr. Stewart represents graphically a 
curve showing the law of diminution of the dip at Kew, 
due to the conjoint action of those two causes, and shows that 
the observations agree with ifc as a matter of fact, that in 
the Kew observations the secular change is less than the 
znean during periods of increasing disturbance, and greater 
than the mean when the disturbances are decreasing. It 
appears that the Kew observations present a peculiarity 
similar to those at Toronto, so that the diflference of 1*69' 
between the two sets of observations may probably be 
{tcconnted for by this cause. 
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Secondy as regards Horizontal Force. — Tlie observatîons 
"were made with tHe * Kew unifilar,' and rednced precisely 
after the manner of tbose descrîbed by Sabine in bis ana- 
lysis of the first six yearly series. 

The absolute valnes of the horizontal force corresponding 
to the beginning of October in each of the six years, and 
the secular change in each year, are as foUows : — 

From April 1863 to March 1864 . 38216 > , , ^ ^ 

1864 „ 1865 . 3-824 J secular change + 0-0068 

1865 „ 1866 . 3-8306 „ „ + 0-0022 

1866 „ 1867 . 3-8391 „ „ + 0*0085 

1867 „ 1868 . 3-8467 „ „ + 0*0076 

1868 „ 1869 . 3-8493 ;, „ + 0-0026 

,, „ , . ,.1 rwith a mean aimtial 

Mcan of the eix years «.«esponding I ^^^^^ I ^^„ j^^^^ ^^ 

toimddle epoch Apnl 1, 1866 .1 J^ +0-0056 

,, ^ , . ,. ^ rwith a mean annoal 

Mean of the six years corresponding I g.g^g^ I ^^^^ .^^^^^ ^^ 

to middle epoch Apnl 1, 1860 . J I 0-0053 

Mean of the two 0-0054. 

Applying this mean yalue of the secular change to the 
mean result corresponding to epoch April 1, 1860, we obtain 
3-8034 + (00054 x 6) = 3*8358, a value which agrees as 
nearly as possible with that deduced from the second series, 
and corresponding to the same epoch which, as seen above, 
is 3*8360. The coincidence of these two values naturally 
leads to the conclusion * that the secular change of the hori- 
zontal force does not present the same peculiarity as that 
observed in the case of the dip.' 

Third, as regdrds Total Force, — The mean of the April to 
September values of the horizontal component of the force 
in the last six years is 3*8346, corresponding in epoch to 
January 1, 1866 ; and the mean of the April to September 
values of the dip, in the same six years, is 68° 6*83'. It is 
found also that the mean of the October to March values 
are for the horizontal force 3*8372, and for the dip, 68° 6*41', 
corresponding to epoch July 1, 1866. These may be rednced 
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to a commoii epoch by applying to the former dip tlie correc- 
tion — 0*96' ; this being tbe proporţional secular change, as 
isbown by tbese six years, necessary to reduce the former 
•epocii to the latter, the former dip will therefore become 
•68° 6-83' -0-96' =68° 5-87'. 

Beducîng in the same way the horizontal force, we have 
S-8346 + 0-00275 = 3-83735. The values thus become as 
ibllows : — 

Horizontal Force. Dîp. 
From the April to September observations^ o.qo^tq. reo n qt, 

(reduced to epocb July 1, 1860) . . ./ ^ ^^^^^ ^^ ^ ^' 
From the October to March observations^ 

(reduced to the same epoch) . . . ./ 3-S3720 68 6*41' 

The total force derived from the first series will therefore 
T)e 10-28717, and that derived from the second series 
10-29080, showing thus a difference of 0*00363 in British 
xinits as the measure of the greater intensity of the mag- 
netic force in the October to March period than in the 
April to September period. This is in the same direction, 
and very nearly of the same amount, as that determîned by 
Sabine from the first six years, which ezhibited a similar 
■difference of 0-0037 in British units. 

It is thus found that the two series agree in showing 
nearly the same semi-annual variation for the total force, 
whilst the first period exhibits the greatest semi-annual 
yariation of the dip. It must be borne in mind, however, 
ihat the two series bear a different relation to the disturb- 
ance period, the maximum disturbances occurring about 
the middle of the first series, and the minimum near the 
middle of the second. 

267. Ohservations at Oreenwich Ohservatory, — From the 
last months of 1840 to the end of May 1847, ohservations 
were taken at this Ohservatory by the eye every two hours. 
Prom the beginning of 1848 for the declination and hori- 
zontal force magnetometers, and from the beginning of 
1849 for the vertical force magnetometer, the magnetic 
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indications are recorded by Mr. Brookes's photograpliio 
apparatns. 

The Astronomer-Koyal exţibits in the memoir referred 
to below,* in curves, the diumal inequalities of terrestrial 
magnetism as obtaîned by the nse of instruments essentially 
the same during a period of 17 years. 

On examining the year curves, it appears that froml841 
to 1848 their magnitnde very slowly increases with a small 
change of form; but that from 1848 to 1857 their mag- 
nitude very rapidly dhmnishes with a great change of form. 
Some great cosmical change seems to have come upon the 
earth particularly affecting terrestrial magnetism. 

On comparing these year curves with the month curves, 
«specially with those for the period 1848 to 1857, it appears 
that the change of the year curves from 1848 to 1857 
nearly resembles that of the month curves from summer to 
winter, and Mr. Airy points out as a possible step to the 
physical explanation of the change from 1848 to 1857, that 
the magnetic action of the sun upon the earth's southem 
hemisphere may have remained nearly unaltered, while 
that on the northem hemisphere may have undergone a 
great diminution. 

The grouping of the curves representing the hourly state 
of the verticle force as referred to the mean on each day is 
made' by year and by months. The month curves of the 
two periods 1841 to 1847, and 1854 to 1857, differ in mag- 
nitude and in change of magnitude of the ordinates, and in 
the place and change of place of node. The year curves 
of the two periods have some very remarkable diflPerences. 
From 1847 to 1849 the magnitude of the ordinates in- 
creases sensibly ; from 1849 to 1850 still more ; it then 
remains nearly stationary. In 1846 the desceuding node 

* * The Diurnal Inequalities of Terrestrial Magnetism, as deduced 
from Observations made at the Royal Observatory, Greenwich, from 
1841 to 1857/ by G. B. Aiiy, F.R.S., Astronomer-Royal. ' Proc. Roy. 
Soe.* voi, xii. p. 529. 
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is at llj^ nearly ; in 1847 it is at 9^ nearly ; in 1851 at 4^ ; 
and there it continues witli little alteration. It is impor- 
tant to observe that thongli the instrument was cbanged in 
1848, the change in the place of the node did not tben 
occnr suddenly ; it hâd begun with tlie old instrument, and 
continued to advance gradually for several years witb tho 
new instrument. These results were obtaiued by excluding 
the observations of certain days of great magnetic dis- 
turbance. 

In a subsequent memoir, Mr. Airy discusses the results 
deduced from these omitted days under the title of magnetic 
stonns,^ 

Each registered magnetic storm is treated as a coherent 
whole, and can by a simple numerical process, when the 
photographic ordinates have been converted into numbers, 
be separated into two parts, one consisting of waves of a 
long period, and the other consisting of irregularities of 
much more rapid occurrence. The term ' fluctuation ' is 
used in a technical sen se to denote the area of a wave curve, 
between the limits at which the wave ordinate vanishes. 
The waves, fluctuations, and irregularities, as inferred from 
separate treatment of each storm, constitute the materials 
from which the foUowing further results are derived. 

From the numerical conclusions obtained, Mr. Airy con- 
siders that the disturbances cannot be explained by the 
supposition of * definite galvanic currents,' or * definite 
magnets,' suddenly produced in any locality whatever. The 
relations of the forces found from the investigation bear a 
very close resemblance to what might be expected if we 
conceived a fluid (magnetic ether ?), in proximity to the 
earth, to be subject to occasional currents produced by some 
action or cessation of action of the sun, which currents are 

* * First Analysis of 177 Magnetic Storms registered by magnetic 
instrumenta in the Boyal Observatory, Greenwich, from 1851 to 1857/ 
by Gr. B, Airy, F.K.S., Astronomer-Royal. * Proc. Eoy. Soc' voi. xiii. 
p. 48. 
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liable to interruptions or perversions of the same kînd as 
ihose in aîr or water. It is shown that in air and in water 
the general type of irregnlar distnrbance is travelling 
circnlar forms, somtimes with radical currents, bnt more 
frequently witli tangenţial currents, sometimes with in- 
crease of vertical pressnre in the centre, but more frequently 
with decrease of vertical pressure ; and in considering the 
phenomena which such travelling forms would present to 
a being over whom they travelled, Mr. Airy thinks that 
the magnetic phenomena would be in a great measure 
imitated. 

268. The observations at this Observatory were contînued 
from 1858 to 1863, the same instruments being used ; in the 
treatment of the photographic curves those of the dajs of 
unusual distnrbance were as before omitted, the ordinates of 
the pencilled curves on the other days being used as bases 
of the investigation.* 

For the solar inequalities they are treated by collecting 
the measures for every complete solar day and for every 
solar hour, bearing the same ordinal number according as 
the annual or diumal inequalities were the subject of in- 
quiry. In all cases these quantities were next grouped by 
months and the monthly means taken. In the ftirther 
treatment, the means of the monthly means of every com- 
plete day for all the months of the same name in the dif- 
ferent years were taken and corrected for secular change. 
Then all the means of the monthly means of every solar 
hour for all the months of the same name in the different 
years were taken, giving the diurual inequalities on the 
mean of years for the twelve separate months : these pre- 
sent, for declination (north to west) and horizontal force for 
the period 1858 to 1863, sensibly the same differences 

* * The Dmrnal and Annual Inequalities of Terrestrial Magnetism, as 
deduced from Observations made at the Royal Observatory, Greenwich, 
from 1858 to 1863,* by G-. B. Airy, Astronomer-Royal. *Proc. Roy. 
Soc* voi. xvii. p. 163. 
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befcTveen the summer montlis and the winter montlis as 
those for the period 1848 to 1857. Fo» tlie vertical force 
cnrves also the nodal passage is earliest .in the summer 
months. 

After this, the monthly curves of every solar hour are 
taken throughout each year, giving the mean diumal ine- 
qnality of each year ; and here a very remarkable change 
is observable. During the period 1841 to 1847 the curves 
for diumal inequality of the horizontal force had very 
slightly increased, but during the period 1848 to 1857 they 
had rapidly diminished, giving the smallest and most 
winter-like curves in 1851 and 1857. Now it was found 
that fiom 1858 to 1863 the curves have increased^ with a 
little irregularity in 1861, till they are sensibly as large 
as they were at first. 

With regard to the diumal inequality of vertical force, it 
appears that the curves gradually increased in boldness to 
1855 and gradually diminished to 1862. The nodal pas- 
sages in the hour of the day were much accelerated in the 
period 1842 to 1857, while in the period 1858 to 1863 they 
were much retarded, till, in 1863, they are again nearly the 
same as in 1848. In all these remarkable changes there îs 
no appearance of a cycle, 

269. Lunar InequaUUes. — The lunar inequalities as 
deduced from observations made at the Royal Observatory 
at Greenwich from 1858 to 1863 are thus summed up by 
the Astronomer-Royal.* The bases of their treatment 
were obtained as foUows : — The exact time of the moon's 
transit was laid down on the time-scales of the photo- 
graphic sheet, and the intervals were divided into lunar 
hours, and a new system of ordinates, corresponding to the 
lunar hours, was measured to the pencil curves. The 
system of grouping was precisely similar mutatis mutandis 
to that for the solar inequalities. 

* * Proc Eoy. Soc* voi. xvii. p. 163. 
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First: for the menstrual inequalities. — Tlie declination 
seems to exhibiţia distinct lunar menstrual inequality 
witli + maximum about the fifth day of lunation. The 
horizontal force seems to show a lunar semimenstrual 
equation with —maximum about the second day. The 
vertical force shows nothing certain. 

Secondly : for the hino-diumal inequalities. — The Inno- 
diurnal inequalities in declination and horizontal force on 
the mean of 1858 to 1863 agree so closelj with those on 
the mean of 1848 to 1857 as to leave no doubt of their 
existence and law as luno-semidiurnal inequalities, with no 
trace of luno-diumal or other inequality. 

There is a remarkable association in the time law of 
changes of solar effect and lunar effect. 

Mr. Airy thinks it possible to suggest two conjectural 
reasons for this. 1. The moon*s magnetic action is really 
produced by the sun's magnetic action, and a failure in the 
sun's magnetic power will make itself sensible both in its 
direct effect on our maignets and in its indirect effect 
through the intermediate effect of the moon's excited mag- 
netism. 2. Assuming both actions (solar and lunar) to 
act on our magnets indirectly by exciting magnetic powers 
in the earth, which alone or principally are felt by the 
magnet, the earth itself may have gone through different 
stages of magnetic excitability, increasing or diminishing 
its competency to receive both the solar and the lunar 
action. 

270. The Variations of the Magnetic Bijp in London, — The 
secular changes which have taken place in the magnetic dip 
in London during the 39 years between 1821 and 1860 have 
been discussed by General Sabine.* The period is divided 
into four epochs, viz. epoch of 1821, epoch of 1838, epoch 
of 1854, and epoch of 1859. 

* 'Secular Change in the Magnetic Dip in London between 1821 and 
J860/ by Major-General Sabine. *Proc. Roy. Soc' toI. xi. p. 144. 



VARIATIONS OF THE MAGNETIC DIP IN LONDON. 307 

First Epoch of 1821. — The experimenta were made iu 
tho Regent's Park. The circle employed was llj inches 
in diameter, made by Naime, and the needle by Dollond. 
The mean of the experiments gave as the dip for this 
epoch 70° 02-9'. 

Second JEJpoch of 1838. — The experiments were made in 
the Regent's Park, in Kew Garden, and in Westbonrne 
Green ; the instruments were made by Robinson, Gambey, 
and Jordan. The mean of thirteen determinations gave as 
the dip for this epoch 69° 23*9'. 

Third JEjpoch of 1854. — The experiments were made in 
the Regent's Park and at Kew with two inclinometers by 
Barrow, fitted with vemiers and microscopes, and each 
having two needles. The mean of eighteen determinations 
gave as the dip for this epoch 68° 31*13' N". 

Fourth jEjpoch of 1859*5. — The experiments were made in 
the Regent's Park and at Kew, on 121 days between 
November 1857 and December 1860, during which period 
282 observations were made. There were employed in 
these determinations twelve circles and twenty-four needles, 
the circles being six inches in diameter, fitted with vemiers 
and microscopes, and the needles 3^ inches in length. 
Every determination was complete in the eight diflferent 
positions of the circle and needle. The resnlts in each year 
are reduced to the Ist of July in the same year, employing 
a proporţional part of an annual secular change of — 2*6'. 
Those which were obtained in the four winter months of 
Wovember, December, January and February have also 
received a correction of — 0*8' ; and those obtained in the 
summer months, May, June, July, and August, a correction 
of + 0*8' in compensation for annual variation. 

The folio wing are the results : — 

Dip 
July 1, 1858, mean of 115 observations 68® 23-2' 

,^ 1859 „ 96 „ 68° 21-5' 

„ 1860 „ 71 „ 68° 19-8' 

Co^'rections for Annual Variatimi. — The observations both 
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at Toronto and at Kew concnr in showing that after the 
elimination of the effects of secular change, the north dip 
is somewhat greater (1*6') in the winter than in the snm- 
mer. Of this nnmber one-half (0*8') is to be applied with 
the sign — to the results in the winter months, and with 
the sign + to the results in the summer months. The 
dip therefore at the several epochs, when finally corrected, 
stand thus : — 



1821-65 


70° 03-4' N 


(1) 


1838-30 


69° 17-3' 


(2) 


1854-65 


68° 31-6' 


(3) 


1859-5 


68° 21-5' 


(*) 


1 /» T» • 1 


• /»H "!• • X T 


• 



The rate of diminution of the dip in London in the last 
forty years does not appear to differ materially from the 
inean rate in the preceding 100 years. The experimenta of 
Mr. George Graham between March and May 1723 give a 
mean dip of * nearly ' 74° 40'. Comparing this wifli 
69° 11-95' in 1840, wehave a difference of 5° 28*1' in 116*7 
years, equivalent to an'uniform diminution of 2*8' annually. 

Sabine observes : * An expectation appears to have pre- 
vailed in some quarters that the decrease of the dip in 
London should have ceased, and its subsequent increase 
have commenced contemporaneously with the alteration 
which took place in the secular changeof the declinationin 
the early part of this century, when the increase of the 
west declination, which had been continuous in the Briiish 
Islands for about two centuries, ceased, and was sneceeded 
by a decrease of the same. But this supposition is by no 
means in accordance with that general view and interpre- 
tion of the phenomena of terrestrial magnetism for which 
we are indebted to Halley, and which, since its promulga- 
tion in 1683, has received so much confirmation in yarioiifl 
distant parts of the globe. In accordance with that hypo- 
thesis, the diminution of the dip in London might be ex- 
pected to continue until the epoch should arrive when, by 
ibe easterly movement of translation of theminor magnetic 
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system in the nortlieni hemisphere, the disparity of the 
magnetic force prevailing in tho Enropean and American 
portions of the hemisphere should have attained its maxi* 
mum, which îs certainly not yet the case' (1861). 

The magnetic lines of the dip nndergo two species of 
modifications, which it is necessary to keep separately and 
distinctly in view. In the British Isles, for little less than 
two centnries past, the isoclinal lines have been steadily 
advancing towards the north by a gradual movement of 
translation. This is one feature of the secnlar change, but 
there is a second feature equally regular and systematic in 
its operation, viz. the direction of the isoclinal lines as they 
pass our country fix)m the south-west towards the north- 
east undergoes a small but sensible change from year ta 
year, by which in the lapse of several years the angle at 
which they cut the geographical meridian is materially 
altered. By the joint operation of these two processes, a 
general configuration of the lines over a large portion of 
the earth's surface, as well as their value in particular lo- 
calities, are both subject to systematic alteration, a remark 
which is not limited to the isoclinal Hnes alone, but is the 
case also in the isogonic and isodynamic lines. 

In correspondence with the views of BfeJley, between the 
epochs when the dip in London should attain respectively 
the maximum and minimum amount which constitutes its 
limits under the system of secular change, an intermediate 
epoch might be anticipated when the isoclinal lines passing 
across the British Islands should attain their least angle of 
inclination to the geographical meridian, towards which 
they should have progressively advanced, and from which 
they wonld as progressively recede. Now, on comparing 
the line of 70° dip in the isoclinal mapof 1780 with that of 
1840 in Keith Johnstone's *Physical Atlas,' we may fix on a 
point in about 42° N. lat. and 30° W. long. in which the 
dip has remained nearly stationary, and through which the 
line of 70° of dip has passed at both epochs, and we may 



310 KUDIMENTARY MAGNETISM. 

perceive tliat in its easterly conrse from that point or pivot 
this line passed in 1780 througli tbe middle of France, 
considerably to tlie sonth of Paris, wbere the dip was then 
between 71° and 72° ; whereas in 1840 it passed across 
England considerably to the north. of London, where the 
dip had diminished to little more than 69°. In the sixty 
years, therefore, which had elapsed between the two epochs 
1780 and 1840, the direction of the lines as they inapinged 
npon Western Enrope had become mnch less inclined to 
the geographical meridian, i.e. forming a greater angle with 
theparallels of latitnde in 1840 than in 1780, and a change, 
according to the maps, in the same direction has been pro- 
gressive from a still earlier period. The particular year in 
which tbis featnre attained its limits was probably some- 
what earlier that 1840 ; but from the comparison of the 
magnetic snrveys of the British Islands in 1736-7 and 
1857-8, it is certain that the change in the direction of the 
isoclinal lines in this part of the globe has entered npon 
the contrary phase to that which had previonsly existed. 

The observations of Welsh in Scotland, in 1837-8, com- 
pared with those of the Scotch survey made in 1836-7, 
show that an increase of several degrees in the angle at 
which the lines cut the meridian in passing across Scotland 
has taken place between the epochs of the earlier and later 
surveys. 

The same general conclnsion foUows from a comparison 
of the magnetic snrveys of England at nearly the same 
epochs. 

There is, then, in the secular change of the dip a featnre 
in which, in conformity with the HaUeian hypothesis, an al- 
teration might be expected to synchronize with the reversd 
in the direction of the secular change of the declination. 
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CHAPTER IX. 

EEVIEW OF MAGNETIC THEORY. 

General Principles — First Views of Terrestrial Magnetism — Hypothesis 
of Halley — Specnlations of Eulor — Theoretical Speculations of Han- 
stein — Grover's Magnetic Orbit — Theory of Barlow— Hypothesis of 
Biot — Theory of Gauss — Electro-Magnetic Theory — Theoretical Views 
and recent Discoveries of Faraday — Theory of Ordinary Magnetic 
Aetion. 

271. One of tlie great objects of physical science is to trace 
the relations and determine the laws of sequence in any ob- 
served series of natural phenomena, the study of natnre 
being * tbe study of facts, not of causes ; ' it is this which 
characterizes the learning of the great founder of the in- 
ductive phUosophy, and which essentially separates it from 
the conjectural philosophy of remote ages, the object of 
which was the study of causes rather than of facts. By the 
term * theory,' as applied in modem science, we are to under- 
stand an intelligibly connected body of facts, all referable to 
one or more general principles. With respect to the hidden 
or efficient cause of the phenomena observed, we have really 
no substanţial knowledge of it whatever. That all bodies 
tend to the centre of the earth, and masses of matter 
toward each other, are universal facts ; and upon these is 
based the whole theory of gravitation, and a lucid expla- 
nation of the system of the world. In the midst of this 
knowledge, however, we are most profoundly ignorant of the 
nature of the agency by which matter gravitates ; and to 
speculate conceming it through the instrumentality of fie- 
tion would be only to wander in a labyrinth of conjecture. 
What we caii * an explanation of observed phenomena' iff 
a clear apprehension of all the dependencies in a great 



812 BUDIMENTAUT MAGNETISM. 

cliam of seqnence. Take, for example, the qnestîon of iike 
rise of water in a pninp before the discovery of Toricelli ; 
here we had two facts before us : the elevation of the flnid 
ftdl thirty feet abovo its level, and the prodnetion of empty 
space by the motion of the piston of the pnmp ; still the 
Tacnum and the rise of the fluid had no apparent depend» 
ence on each other. The assumption by the ancient 
philosophers that the elevation of the fluid arose from. the 
circumstance that nature abhorred a vacuum, was, in €a.ct, 
no adequate intermediate link ; it explained nothing. Di- 
rectly, however, it was proved by the experiment of Toricelli 
that the atmosphere pressed upon bodies with a force eqnal 
to at least 14 Ibs. on the square inch, then the cause of the 
rise of the fluid was instantly apparent, and l^e phenomena 
were explained. In the construction, therefore, of any 
theory, it is essential that the basis of it be some principie 
reducible to a fact ; and, next, that the fact be universal, 
that is, without exception. Directly we refer the phenomena 
to any fictitious principie not reducible to a fact, we have 
no longer a theory ; we have only at the best a conjectural 
hypothesis ; in short, we substitute something which has 
no demonstrable existence for that which maybe: in this 
case, we only require that what we assume is possible. An 
hypothesis of this kind is still not without its uses ; and it 
is theoretically admissible so long as it runs parallel with 
the facts observed. 

Magnetic theory, embarrassed by the complicated and 
mysterious character of the attendant phenomena, has 
hitherto made but comparatively little progress toward 
perfection ; so that we are unable, as in gravitation, to 
refer the facts to one ultimate and universal elementaiy 
principie ; hence, almost every speculation relative to the 
phenomena of magnetism partakes more or less of the 
nature of an hypothetical assumption not based on any 
recognised fact. 

272. First Views of Terrestriaî Magnetism. — The philo* 
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sophjBrs of tbe 'sixtjeenth cenkuy, Dbt hâving any definile! 
notion of the phenomena of tbe compass-needle, conceived ii 
to be influenced by some mysterious point of force existÎBg^ 
in tbe reglons of space. Descartes and otbers conceived it 
to be under the dominion of vast magnetic rocks. The dîft» 
covery of the magnetic inclination(248) by Norman, in 1580, 
however, clearly proved that the cause of the directive 
position of the magnetic needle was to be songht for in tbe 
general mass of the earth ; whilst Gilbert, in 1590, taking 
a bolder view of this great physical qnestion, conceived tbe 
terrestrial sphere to be in itaelf a vast magnet, endowed 
with a permanent polarity, and hence approaching the 
general condition of an ordinary lodestone. GHilbert snp- 
posed, however, that the solid parts only of the earth "were 
magnetic, not the water or other fluids ; hence arose changes 
în the direction of the needle, which, whilst it assmned a 
given position, in obedience to the laws of common magnets 
(14), would at the same time be more or less drawntoward 
the land, and be infLuenced by it in varions ways. 

Bond, in 1673, endeavonred to calculate and explaîn the 
phenomena of the magnetic needle, on the hypothesis of the 
earth being a great magnet, and assmned the existence of 
two terrestrial magnetic poles, and a magnetic axis inclined 
to the axis of rotation, and passing throngh the centre of 
tbe earth; hence the magnetic poles and the true poles 
conld not on this hypothesis coincide. With a view of ex- 
plaining the great secular changes in the declination, the 
magnetic poles were supposed to have a slow movement of 
revolution about the poles of the earth. 

273. Hypothesis of Halley. — ^It is to the celebrated HaUey 
that "^e owe the firşt great attempt to bring the comptex 
phenomena of the horizontal needle under the dominion q£ 
a more comprehensive theory, which, although it m&y 
appear at first to be of a somewhat rude and improbable 
character, still afibrds a fair field for the application of 
exact reasoxung, and a means of comparing facts ; indeed, ik 

p 
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18 bnt jnstice to this tmly great man to obserre, thafc he 
never pretended to more than an attempt tb tbrow some 
light upon * the abstrase mystery of the vaiiation,' and 
lead philosopliers to apply themselves more forcibly to so 
important a snbject. Were the variatîon always relatireto 
two fixed points or poles, near the poles of rotation, the 
magnetic axis passing through the centre of the earth, then 
it should be always the same for each place, and the lines of 
no yariation wonld be meridian lines, passing throngh the 
magnetic and real poles of the earth ; but the lines of no 
yariation are not meridian lines, but corves of a somewhat 
inexplicable course (245). Halley, therefore, foreseeing 
this difficulty, assumed the existence of at least fonr poles, 
to which the yariation had reference, two in the northem 
and two in the southem hemisphere ; but since the obseryed 
phenomena eyidently indicate a constant change of place in 
the relatiye position of these poles, he further supposes that 
the whole ' magnetical system of the globe has one or per- 
haps more motious, the effects of which extend frompole to 
pole.' To render this magnetical moyement intelligible, he 
supposes a great portion of the interior of the earth to moye 
within the externai crust^ and to admit of this motion he 
imagines this interior portion to be detached and separated 
fi:om the surfeice by an interyening fluid medium, so that, 
accordîng to this, the terrestrial mass is a sort of double 
lodestone, consisting of an interior magnetic spherical 
nucleus, surrounded by an externai and spherical magnetic 
shell, the magnetic axis of each passing through the centre 
of the whole globe of the earth ; the nucleus is supposed to 
haye its centre of gravity fixed in the common centre of the 
general spherical mass, and to partake of the diumal rota- 
tion about the same axis. By ^irther supposing that the 
rotatory moyement of the surface or externai shell is rather 
more rapid than that of the interior globe, by some extremely 
small quality, then, as is eyident, the poles of the interior 
magnet will be continually shifting their places in respect 
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of the poles of the onter magnetic shell, being at every 
reyolutîon left, as it were, a lîttle în the rear, and conse- 
quently moving apparently westward. Halley snpposes the 
difference of velocity to be so extremely little as to be 
scarcely appreciable npon 365 revolutions, and only to 
assume a sensible form by the operation of a great period 
of time, Under this condition, then, if we conceive the 
exterior shell to be a magnet, having its poles fixed, and at 
a given distance fix)m the poles of rotation, and if the 
internai globe be also a magnet, having its poles fixed in 
two other plaees, distant also from the axis of rotation, and 
that these last poles are continnally shifting their plaees in 
respect of the exterior poles, we may then, he thinks,give a 
reasonable account of the four magnetic poles of the earth, 
considered as a magnet, and the several phenomena of the 
variation of the horizontal needle. By the gradual transla- 
tion of the poles of the internai globe, the direction of the 
needle is variously influenced, according to the directive 
power of each pole; hence there will be a period of revolution 
after which the varîations will retum again as before. If 
they shonld not, then it may be inferred that there exist- 
internai spherical shells, having a common nuclens, and 
conseqnently producing more magnetic poles, all these con- 
centric magnetic spheres being separated by fluid media ; 
and this he thinks a possible constitution of the interior of 
our planet, which, for anything we know to the contrary, 
may, through the operation of the fluid media, be a sourco 
of existence to organised beings. In this hypothesis all 
those parts of the earth nearest either of the poles wiU for 
the time be govemed more or less by the influence of that 
pole ; thxLS, taking the nearest pole to Britain as being in 
the meridian of the Land's End, andabout 7° fromthe true 
north pole, this pole will govem Europe, Tartary, and the 
Korth Sea. All plaees to the east of this meridian will 
have a westerly variation ; all plaees west of it, a westerly 

variation, nntil we approach the influence of the other t^qI^^ 
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in Norih America, supposed to be on the meridian of Call-r: 
fomia. The separate and combined inflnences of aii the 
four poles in different zones of the earth prodnce the greatr 
difierenees observed in the variation of the needle. 

This hypothesis of Halley, althongh far within the region 
of mere conjecture, and not at first view sanctioned hy any 
high degree of probabiliiy, mast still be considered as a 
valoable step in the progress of magnetic theory, and well 
calcnlated as a stepping-stone to more perfect views of the 
magnetism of the earth. 

274. Speculatîmis of Euler, — Euler, who investigated this 
snbject in 1757, with his accustomed ability, does not think, 
in considering the earth as a magnet, that it is reqnisite to 
assnme the existence of more than two magnetic poles, pro- 
vided their just place be assigned. According to his view, 
we have yet to consider the case of two magnetic poles 
not precisely opposite each other, or, which comes to the 
same thing, in which the magnetic axis does not pass 
through the centre of the earth. Now, in this case, Eoler 
endeavonrs to show that the lines of no declînation may 
actnally assume a direction similar to that which, from 
observation, we find they do assmne ; and that it is even 
possible to assign to the two poles such proportions as to 
prodnce lines of variation similar to those isogonal lines 
which at first appear so nnacconntable. Having fixed the 
two poles, the determination of the direction of these lines 
becomes a problem in geometry. 

275. Theory of Hansteîn, — Theoretical views of terres- 
trial magnetism do not appear to have greatly advanced 
beyond the condition in which Halley left them nntil 1811, 
when the Royal Danish Academyproposed the variation of 
the needle as a prize question; then it was that M. Hanstein 
nndertook a re-examination of the whole subject, with a view 
to determine whether two magnetic poles, revolving round 
the pole of the earth in indefinite periods, as maintained by 
Euler, wonld explain the phenomena ; or whether four poles, 
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as assigned by Halley, were reqtiisite ; or, finallj, whether 
the motion of magnetic polar poînts about the poles of the 
earth be in any way competent to represent the observed 
pbenomena at all. We bave already adverted to tbe extra- 
ordinary and elaborate magnetic charts of tbis unwearied 
pbilosopher, with their marked systems of isogonal lines, 
loops, ovals, and otber intricate convolutions, and wbicb it 
wonld seem are all sweeping westward, each in separate 
progression, and eacb assoming somo new modification of 
flexure. So completely bas tbe question been worked out, 
tbat by means of tbese cbarts we obtain a faint glimpse of 
tbe progressive state of magnetic declination for two cen- 
tarîes, viz. from 1600 to 1800. Tbe resnlts of tbe investi- 
gation confirm, according to Hanstein, tbe existence of fonr 
poles, as imagined by Halley. Tbese four poles, bowever, 
are of nneqnal force, and are all snpposed to be continually 
sbifting tbeir places; eacb bas a separate independent move- 
ment and period. Tbe present places of tbese poles, as 
assigned by Hanstein, we bave already given (256) ; tbey 
are all supposed to bave a regular obliqne-circular motion 
abont tbe poles of tbe eartb — tbe two nortb poles from 
west to east ; tbe two sontb poles from east to west ; and 
în tbe foUowing periods: — Tbe strongest nortb pole in 1,740 
years ; tbe weaker in 860 years : tbe strongest soutb pole 
in 4,609 years; tbe weaker in 1,304 years. Upon tbese 
data be assigns tbe position of tbese poles for tbe last balf- 
century.* 

* By a curioas ooincidence, these periods involve a number, 432, 
sacred with the Indians, Babylonians, Greeks, and Egyptians, as being 
dependent on great combinations of natural events ; thus the periods 
860, 1,304, 1,740, and 4,609 become, by a slight modification, 864 
1,296, 1,728, 4,320, which are not inadmissible, considering the com- 
plicatei nature of the observations from which the first nnmbers are 
deriyed. Now these nnmbers are each equal to 432 multiplied by 2, 
3, 4, and 10 snccessively. According to the Brahmin mythology, the 
world is diyided into four periods, the first being 432,000 years, the 
second 2 x 432,000, the thiid 3 x 432,000, the fourth 10 x 432,000 years. 
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276. Grover^s Magnetic Orhit. — Mucii valnable iiifdnna- 
tion relative to ibis interesting specalation bas been 
afibrded bj Grover.* Bj a carefol and laborîous ft-gftTir»îTift- 
tion of authentic observatîons, he endeavours to show tliat 
' the movement of tbe magnetic pole goveming Europe is 
capable of recognition, that it possesses an orbitoal character 
of which the general featurea can be distinctly traced.' An 
borizontal action npon tbe needle is also inforred from tbese 
observations, depending on tbe isodynamic poles (256), by 
wbicb be endeavours to explain tbe configuration of the 
isogonic lines. The magnetic orbit, as traced from observa- 
tions on tbe magnetic needle in London, Paris, and St. 
Petersburgb, appears to be of tbe form given in tbe annexed 
fig. 133. In this figure n is tbe true nortb pole in tbe 



Fig. 133. 




middle of a section of tbe nortbem bemispbere, and tbe 

It is also, according to Hanstein, not imworthy of remark, that the 
sun's mean distance from the earth is 432 half-radii of the snn ; the 
moon's mean distance 432 half-radii of the moon ; but what is more 
especially striking is the circumstance that the number 25,920 =432 x 60 
is the smallest number divisible at once by all the four periods, and 
hence the shortest time in which the four poles can accomplish a cycle. 
Now this time coincides exactly with the period in which the precei- 
sions of the equinoxes complete their circle, certainly a curions and re- 
markable series of coincidences. 

* 'Observations on the Magnetic Orbit,' by the Eev. H. Orover, 
London: J. TVeale, 1850. 
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irregolar elHptîcal cnrve the păth of the pole so> &t as 
hitberto observed. In this curve tlie author has localized 
eîglit assigned positions for tho magnetic pole, from obser- 
vations between the years 1580 and 1846. The poînts A 
and s represent the positions of the isodynamic poles, or 
points to which the isodynamic lines converge, one in 
Siberia, the other in America, and supposed to inflnence 
the position of the needle. In tracing the elements ont of 
which this orbit is constructed, pecuHarities present them- 
selves which throw much light on the whole magnetic 
system : for example, a certain acceleration and retardation 
of the motion, and the opposite bias of the two isody- 
namic hemispheres. By means of a criticai examination 
of all the phenomena of this determined orbit, the author 
dednces some very general and curious fa.cts bearing on the 
development of the magnetic lines, with their ovals, loops, 
and apparently inexpHcable cnrvatures. The ovals he con- 
siders as temporary creations arising ont of the pecnliar 
position of the moving magnetic pole in relation to the 
two isodynamic poles A, s, by which a bias is given to the 
needles of a whole district. 

277. Theory of JBarhw, — Professor Barlow, foUowing up 
the constmction of more perfect magnetic charts, is led to 
conclude that these charts present snch a configuration of 
the magnetic lines as cannot be referred to any possible 
position of fonr or more magnetic poles ; btit conceives that 
each place has its own relative pole and polar revolntiou 
govemed by some nnknown canse. This theory is so general, 
that it mnst be conceived to set aside altogether the idea of 
any particular pole or point toward which the magnetic 
needle becomes directed, and consequently all idea of a 
single magnetic axis; it hence leaves the law of the changes 
in the direction of the needle undetermined. The ftmda- 
mental principie on which this theory rests assumes the 
magnetic condition of the earth to be of that peculiar form 
observed in the pasaive or temporary magnetic state of a 
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Sdft iron ball or shell, and in -wiiîch the poles or centres of 
action are always coincident with the centre of afctraction of 
the stirfitce, which is not the case in permanentlj-magnetized 
bodies. In these the centres of attractiofn are always at 
their poles. Professor Barlow having, as we haye already 
8cen (288), fonnd the entire efiect of a sofb iron globe or 
sheU to reside near the snrface, proceeded to investigate a 
formnlafor representing the influence of these bodies on the 
compass-needle placed abont them in difierent positions. 
Assmning upon the generally received hypothesis (14), that 
magnetic phenomena depend on two opposite fluida or 
fbrces, repnlsive of themselves, but attractive of each other, 
and commonly existing in a greater or less degree of corn» 
bination, we may suppose the action of the earth on sphette 
of soft iron to take place on every partide of the masa in 
isoclinal lines (248) parallel to each other (102), and may 
fîirther suppose that every partide of the iron is at th» 
same distance from the centre of foroe as referred to the 
mass of the earth; in which case we may consider the effect 
upon each partide to be the same. 

As this question is important in a theoretical view, we 

trill take Professor Barlow's illustration of this probable 

Fig. 134. magnetic condition of a soft 

iron ball or shell. Let ahcd 
(fig. 134) be a neutral soft iron 
sphere. Suppose f c / to be 
the direction of the dipping- 
needle, and f the centre of 
terrestrial magnetic force at 
an indefinite distance; then by 
the operation of this force 
upon each partide, in the way 
just stated, the two magnetic 
fluids or forces resident în a 
comHned state în the shell or globe ahcd become sepa- 
rated, and may be supposed to form two snherical Iavatr • 
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one, f h dy whose centre is p ; and anotlier, m h d, wliose 
centre is n ; the distance of these centres p, n from each 
other depending on the flnsceptibility of the iron and other 
contingencies. In computing the action of an iron sphere 
in this state npon a distant magnetic partide, we may refer 
the action to those two centres jp, n, according to any assumed 
law of force (176). Professor Barlow supposes the force to 
be in the inverse duplicate ratio of the distance. This view 
differs from others of a similar kind in this, that the action 
or displacement of the fluids is referred to each partide, 
instead of the fluids being separated and acoumulated in 
distinct poles ; and also in the great fact that the displace- 
ment is confined to the surface, and not, as Coulomb sup- 
posed, referable to the mass. The centres of action p, n, 
therefore, may become indefinitely near each other in the 
common centre of attraction of the surface, which is coin- 
cident with the centre of attraction of the mass only in 
spherical bodies, but on no others. Now by referring the 
earth's magnetism to an existing magnetic condition such 
as this, Professor Barlow finds that he is enabled to 
apply the analytical expressions he had previously deduced 
for representing the influence of an iron sphere on the 
compass (238) to the phenomena of terrestrial magnetism; 
his general deductions being that the earth is not a 
permanent magnet, but owes its magnetic state entirely to 
induction ; and that its action may be referred to two poles 
indefinitely near each other in the common centre of attrac- 
tion of the surface ; that is also of the mass of the earth. 
The latent magnetism of the sphere has in this case a mere 
condition of polarity. From whence this induction pro- 
ceeds he does not pretend to determine. The illustrious 
Gableo had an idea that a magnetic agency existed in some 
points of space, which led him to ascribe the parallel direc- 
tion of the earth's axis to a magnetic point of attraction in 
the distant heavens. 

278. Hyjpothesis of Biot. — Biot^ so long since aa the year 
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1805, not findîng ît possîble to reconcile observatîons on Hie 
yarîatioii and dip of the ncedle with the existence of two 
poles or centresof force nearthe terresfcrial snrface, thonglit 
of treatiDg this problem tuider the condition that those 
centres were indetenniiiate, and then, by a comparîson of 
the general analytical result with further observatîons, 
endeavonr to amve at the precise position of these poles. 
Now it is not nnworthy of remark, as being very confirma- 
tory of Barlow's views, that the nearer the poles were taken 
toward each other, the nearer the compnted and observed 
restJts were fonnd to agree ; until, at length, by taking 
them indefinitely near each other in the centre of the 
earth, the computed and observed results in many cases 
completely coincided. In this investigation Mons. Biot 
assumes two points in a given terrestrial magnetic asis, by 
one of which the needle is attracted, by the other repelled ; 
and then investigates a formula for representing the dip 
and declination of the magnetic needle in any part of tho 
earth in terms of an indeterminate distance between these 
points. 

279. Them-y of Gauss. — This accomplished philosopher, 
whose magnetic researches have become in recent periods 
the wonder and admiration of Europe, assumes the terres- 
trial magnetic force to be the coUective effect of the 
magnetism of the mass, and is led to consider the tenn 
pole as a very arbitrary assumption ; no number of definite 
points, be they 2 or 4, or even more, v/ill explain the 
phenomena according to the laws of common magnetism. 
In the most simple meaning of the term pole, Gauss con- 
siders that there are only two, one in each hemisphere. If 
there were four, we should have necessarily three points of 
verticity in each hemisphere ; that is to say, there wouid be 
a point between each two poles in which the needle would 
not obey the action of either exclusively, and would conse* 
quently, be vertical ; but such is not found to be the case. 
Oau88f starting from a great general principie, that mag* 
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netism îs distrîbuted lihrongli the znass of tbe eartli în an 
unknown manner, has succeeded in obtaining, partly by 
theory and partly by adaptation, a sort of empirica! formula 
which represents in a wonderful way the many complicated 
pbenomena of the magnetic lines, and has so far embodied 
ourknowledgeof these phenomena in a law mathematîcally 
expressed. Ganss's investigation depends on the develop- 
ment of a peculiar fdnction mnch employed in Physical 
Astronomy, and which îs obtained by sxunmoning all the 
attractive and repnlsîve elements, each molecule beîng 
divided by its distance from the attracting or repelling 
point ; what are termed the differential coefficients of this 
ftinction express the resolved components of the total 
magnetic action. By this process it is demonstrated that, 
whatever be the law of magnetic distribntion, the dip, hori- 
zontal direction, and întensity at any place on the earth 
may be computed. Having exhibited his resnlting formula 
in converging series, Grauss determines the declination, 
înclination, and intensity for ninety-one places on the 
earth's surface, and which are found to coincide with 
observation: one great feature, therefore, in this theory 
of terrestrial magnetism îs, that the earth does not contain 
a single definite magnet, but irregularly-difiused magnetic 
elements, having collectively a distant resemblance to the 
condition of a common magnet. So that for magnetic poles 
we must substitute magnetic regions, over which a general 
magnetic influence obtains. Thus, instead of a Siberian pole, 
as determined by Hanstein, we have a Siberian region, in 
which the isogonal lines may be conceived to converge 
without coming absolutely to a point. 

280. EhctrO'Magnetic Thwry, — The solution of the pro- 
blem, whence the mass of the earth derives its mag- 
netic state, is not în any way approached with so high a 
degree of probability as by the theory of electro-magnotic 
correnis, caused to traverse the earth's surface by some of 
those natural agencies bo continually operating on it We 
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have seen (68), that by beating one exiaremiiy of a metaHîc 
bar or rod, tbe opposite eztremily being kept cool, so aft to 
produce a disturbed eqnilibrinin of temperatnre^ electro: 
magnetic cnrrents are prodnced, of sncb forceas to turn tbe 
compass-needle at a large angle to its meridian. Sir David 
Browster, so long sînce as tbe year 1821, obserred a remark- 
able coincidence between tbe isotbermal lines, or lines of 
equal beat, laid down by Hmnboldt, and tbe isogonal lines <^ 
Halley, and bad deduced for our nortbem bemispbere two 
poles of greatest cold, botb in tbe localily of Hanstem's 
magnetic poles, viz. an American pole, lat. 73^ North, 
long. 102° West ; and an Asiatic pole, lat. 73® North, and 
long. 78** East. Sir David Brewster* is led to conclude tbat 
two meridians of greatest beat, and two of greatest cold, 
are called into play, and was finally led to imagine tbat 
tbe magnetism of oor globe depended in great measure on 
electro-, or ratber tbermo-magnetic cnrrents. Takmg into 
consideration tbe beated belt of tbe eqitatorial regions, and 
tbe mass of tbe polar ioes on eitber side of it, we bave, aB 
observed by Dr. Traill, all tbe conditions of a vast tbermo- 
magnetic machine. A great link in tbe cbain, bowever, is 
still wanting ; it is very difficult to say bow or in wbat way 
tbeso cnrrents are caused to circulate aboui tbe mass of the 
eartb. Grover, in bis interesting Httle work on tbe magnetic 
orbit, already alluded to, bas some interesting observations 
on tbis question. According to bis view, tbe atmospbere is 
tbe immediate source of terrestrial magnetism, wbicb con- 
tains witbin it isolated columns of conducting media ; tbese 
surround tbe eartb, and in sncb way, tbat in 365revolution8 
tbe sun generates in it an electro-magnetic circulation ; tbus 
tbe terrestrial surface becomes enveloped in a vast electro- 
magnetic spiral coil (51), and we wbo live on it becotiie 
placed intermediate between tbe coil and tbe surface by 
tbose peculiar motions of tbe eartb wbicb arise fipom the 
yearly cjcle finding its period «A. diferent bours of tbe day 
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and on âiâerent meridianB ; snch a change may take place 
in the precise poaition of this great atmoBpherio coîl trom 
time to tîme as tronld correepond witlt the orbit of the nu^- 
netic revolntion. The phenomena of periodical variations 
âepend evidenUy oa the action of heat and the positiou of 
thesnn.andprobablyonreaaltiiigthermo-Tnt^netiocnrreiitB. 
Beyond this mere assomptioa, bowever, we have not anj* 
very Becvre baaia for reasoning ; the most admissible yiew of 
thiskind of action, however, is the foUowing; — Dnring the 
dinmal motion of the earth, ito Burface, eBpeGially abont the 
tropioB, ie continoally heated and cooled in snccessive pointa, 
and in an east and weat direction : if we admit, as in Exp. 50 
(68), that thermo-magnetic cnrrents becom.e from. this canse 
©xcited, aud circulate în an eaat andwest direction over the 
terrostrial surfacB, the reenlt wHl be a magnetic developmenfc 
in direction north and soufch (48) ; hence there wUl be a 
magnetic development in the earth in a direction nearly 
pio^llel with itfi axis. 

281. Barlotn's Electro- Magnetic Globe. — From no one haa 
the preceding electro-magnetic theory received bo much 
substanţial and fine ex- 
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pole to pole in the Hne of a sînglo meridian. Things being 
ilius arranged, tbe middle portion of a copper wîre -j^ of 
an inch in diameter, and ninety feet long, was applied to 
the equatorial groove, in a point opposite the line of the 
meridian p n, which, being bent each way, in the eqnator 
e gr, to meet at the groove p n, was continued toward each 
pole by a continnal coiliDg and toming into the parallels of 
latitnde. Finally, the remaining portions of the wire were 
covered with insulating vamished silk thread, and passed 
through the meridian groove toward the eqnator, and the 
two extremities, a, 6, bronght out for connection with the 
poles of a voltaic combination (40) (47). The whole was 
now covered with the pictnred gores of a common globe, 
and in snch way as to bring the poles of the electro-mag- 
netic spiral as nearly as possible into the position of the 
observed terrestrial magnetic poles, viz. lat. 72° North, and 
lat. 73° Sonth, and on the meridian corresponding with 
long. 76° west of Greenwich. 

The globe being now conveniently placed nnder a deli- 
cately-suspended needle A, ^g, 135, carefdlly nentralized 
in respect of the earth*s action, electro-magnefcic cnr- 
rents were caused to circulate through the spiral beneath 
the paper surface (40). When the globe was so placed as 
to bring London into the zenith, the suspended needle took 
the inclination of the dip, at that time 70°, and also the 
line of the variation, at that time about 24° West. On 
tnming the globe round so as to bring other places of the 
same parallel under the needle A, the dip of 70° remained, 
bnt the line of declination changed its direction, becoming 
fîrst zero and then increasing eastward, much in the same 
way as happens in the case of the horizontal needle. When 
•the globe was turned so as to cause the pole to approach 
the zenith, the dip increased np to a point of verticity; and 
on tnming it so as to bring the eqnator into the zenii^, 
tbe snspended needle becaane liornoutal. Gontinmng the 
^otion BO as io bring the Boutti ţoV^ \o^«t^\îtka T^nâ^^^ 
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suspended needle inclined in the opposifce way, tlms repre- 
senting on a small scale all the phenomena of the horizontal 
and inclined needles. Professor Barlow thinks that he has 
proved the existence of a force competent to produce all the 
phenomena of terrestrial magnetism without the aid of any 
body commonly called magnetic. 

282. Theory and recent Dîscoveries of Faraday. — This 
distinguished philosopher, with his accnstomed vigonr of 
intellect and practised experimental hand, has not left the 
question of terrestrial magnetism unassisted by his immense 
labours. The general views which he is led to enteriiain 
upon points connected with the eariih's magnetism may be 
thns stated : — Space devoid of matter, as also material space, 
that is, space in which matter is fonnd, may be taken as 
being traversed by lines of force, operating, as it were, 
immediately through it.* The condition of the space 
întercepted between the iron walls of the magnetic 
field, fig. 60 (72), may be taken as illnstrative of this 
assumed physical condition of things. Now, although it 
may appear to many persons very difficnlt to conceive the 
existence of mere force independent of what we commonly 
caii matter, yet we must recoUect that, both in electricity 
and magnetism, it is with forces that we are principally 
concemed, and that, afber all, it is far more difficult to 
conceive the existence of matter without properties of this 
kind than such properties without the matter ; in fact, we 
recognise forces almost everywhere, but we recognise no- 
where the ultimate atom of solidity of which matter is 

* [Faraday defines a line of magnetic force as that line which a very 
small neodle describes when it is so moved in either direction corre- 
spondent to its length that the needle is constantly a tangent to tho 
line of motion, or that line along which, if a transverse wire be moved 
in either direction, there is no tendency to the formation of any current 
in the wire, whilst, if moved in any other direction, there is sueh a 
tendency. The direction of theso lines abont and between oidinary 
magnets is easily represented in a genexal maioi^T Vj V2Dk& -s^sf^^ ^1 ^S5;^> 
JUIngB.]-^' PbiL Trana: 1852. 
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supposed to consist. AU space, either vacant or occnpied, 
presents for our consideration forces of yarions kînds, and 
the lines in which these forces are exerted. In viewing 
different substances in relation to lines of magnetic force, it 
is foand that some bodies assnme a position perpendicular 
to the direction of these lines ; that is, they take an eqna- 
torial direction (74) ; others coincide in direction with the 
lines of force, and take an axial direction (76), Pnre space, 
devoid of matter, is conceived to have a magnetic relation 
of its own ; that is to say, it permits lines of force to tra- 
verse it without in any- way afiecting them. The intro- 
dnction of certain kinds of matter into space so occnpied 
by force will, on the contrary, change the existing state of 
the lines by either increasing or decreasing the facilily of 
transmission. Common matter, when referred to lines of 
magnetic force traversing pure space, may be considered 
as being either zero, or as prodncing no change, or as being 
on one side or the other of zero ; that is, as prodncing oppo- 
site effects. Hence has arisen a classification of two kinds 
of magnetic substances, viz. those which point axially 
(76)y and which have been termed paramagnetic substances, 
and those which point equatorially, termed diamagnetic. 
So that, taking the term ' Magnetic * in its most general 
sense, as applicable to all the phenomena, we have the fol- 
lowing division : — 

Magnetic ( ^^^^^5^^^°- 
l Diamagnetic. 

When paramagnetic or diamagnetic substances are in- 
troduced into the magnetic field, they either increase or 
decrease the degree in which ttie force is transmitted, and 
thus disturb the uniformity of the lines. Paramagnetic 
substances, for example, concentrate the lines of force upon 
themselves, as represented by P in the annexed ^g, 136. 
Diamagnetic bodies, on the contrary, expand the lines of 
force, and cause them to open outward from themselves, aş 



represented by i> in ăg. 136. 'Faraâa.j C&lls this, for the 
moment, magnetic condnction. P&ramagnetic bodiea, whwL 
introdnced into the magnetic field, alwaya tend, from their 




power of Gonceniration of force, &om weaker to strouger 
plăcea of magnetic actioo, and are urged in the axial line 
(70). Diamagnetic bodies, on the coatitaj, tead from 
atronger to weaker places, aud are repubed to the eqna- 
torial line (74). The force -which thns urges bodies to the 
axial or eqaatorial Imes is not a central force, bat a force 
differing in character in the axial or radial directione. 
One may retain a veiy concise notion of this paramagnetic 
and diamagnetic relation by conceiving that if a liqnid para- 
magnetic body were introdnced into the field of force, it 
TTOuld become prolonged azially, and form a prolate aphe- 
roid; -whilat a liqnid diamagnetic body -wonld become 
prolonged eqnatoriaUy, and form an oblate spheroid. 

283. Atinos^plieric Magnetism. — By one of thoee bappy 
traÎDs of thoi^ht pecnliar to great philoaophical minds, 
Faraday conceived the idea of an atmospheric magnetism, 
and Bncceeded in proving that gaseone aabatances, when in 
the magnetic field, obeycd the aame lawa as all other matter. 
ThaB oxygen gae, enclosed in a thin envelope, becomes 
drawn paramagnetioally into tbe axial line, and is heaco 
attracted bj the magnet after the manner of iron (80), 
whilst olefiant gae, for example, is repeUed diamagnetioally 
into the eqnatorial line, after the manner of bismath, , Tbc 
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nitrogen of iihe air does not appear to be eîther paoraunag- 
netic or diamagnetic, bnt to constitate tlie zero place in the 
scale of different snbstances. In thns demonstrating the 
paramagnetic property of oxygen, we arrive at the very im- 
portant fact, that two-ninths of the atmosphere, by weight, 
consîsts of a substance magnetic in character, after the 
manner of iron, a snbstance liable to vast changes in its 
physîcal conditions of temperatnre and density, and hj 
which its magnetic character wonld be liable to vary, inde- 
pendently of all consideration of magnetic force existîng 
in the mass of onr globe considered as a magnetic bodj 
per se, 

The earth itself may be considered as a spherical mass, 
consisting of both paramagnetic and diamagnetic snbstances 
very irregularly disposed; it is nevertheless to be con- 
sidered on the whole as a magnet, and as an original sonrce of 
power. The magnetic force of this great system is disposed 
with a certain degree of regnlarity, so far as onr oppor- 
tnnities of examining it extend, which is only on its snrface. 
The lines of force which pass in or across this snrface are 
made known to ns, as respects direetion and intensity, hy 
means of small standard magnets. The average conrse, 
however, of these lines and their temporary variations, 
either in the space above or in the earth beneath, are but 
very obscnrely indicated throngh the same means. Our 
observations, in fact, do not teii ns wbether the canse of 
tbe variations is above or below. 

The lines of magnetic force issne from the earth in the 
northem and sonthem parts, with different bnt correspond- 
ing degrees of inclination, and incline to and coalesce with 
each other over the equatorial parts. 

The lines of force which proceed from the eartb into 

space most probably retnrn to it again ; bnt in their cir- 

cnitons conrse may extend to a distance of many of its 

dîameters, to tens of thouB&xi.d& oi im\e!&. S^^eyce^ then, fonns 

tbe greSit abyss into which. sach^T^a oi iots:fe^&^^^cwa5% 
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nize by our instmments proceed. Between the earth and 
thîs space, however, there is the atmosphere ; it is at the 
bottom of this we live, and in the substance of which we 
cany on all our inquiries, Now this medinm is, as we have 
just seen, highly paramagnetic, and may evidently become 
changed in its magnetic relations by any change incidental 
to temperature or pressure. ÎTone of these changes can 
happen withont afiecting the magnetic force emanating from 
the earth, and causing variations at its sorface both in 
intensity and direction. 

Having examined a variety of circnmstances affecting the 
magnetic condition of the atmosphere, and the probable way 
in which such changes would affect the magnetic needle, 
Faraday conclndes that the magnet, as at present applied, 
is not always a perfect measnre of the earth's magnetic 
force. The intensity, for example, in oxygen, of a given 
density, would be different from those in expanded oxygen, 
althongh the same amonnt of lines of force and magnetic 
energy were present in both cases. To nnderstand this, we 
have to consider that a needle vibrates by gathering npon 
itself the lines of force p, ^g. 136, and which otherwiso 
would traverse the space about it, If the oxygen, therefore, 
be made dense, and a better conductor, then the magnet 
would carry on less of the force, and the oxygen more ; it is 
therefore very important to know whether, when the magnet 
indicates an increased intensiiy, the intensity is due to the 
earth as a source of power, or to a change in the magnetic 
constitution of the surrounding space,* considering that 
the magnetic state of the earth may not change, whilst the 
oscillating needle, by the influence of the different conditions 
of day and night, or of summer and winter, may show a 
difference. Şo far the magnet, as at present applied, is not, 
according to this theory, a perfect measure of the terrestrial 

* The author of this work first pointed out the necessity of placing 
the oscillating magnet in a space as nearlj &pptoajâcâxi% «^^^q^fso^s&L^^ 
poBsible, — 'Edinb. FhiL Trans.' fop 1836, voL »\\. "^gMfe \* 
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magnetic intensity. It îs to the magnetic oonstitntion atici 
condition of the atmospliere, and the changes liable to be 
effected in it from changes in temperature, pressnre, &o^ 
that Faraday refers the annnal and diumal variation of the 
needle, and other periodical changes to which it is snbject. 
Thus the position of the snn at a given place affects the 
atmosphere, the atmosphere affects the direction of ilie 
lines of force, the lines of force there affect those at anj 
distance, and those affect the needles which they rospectÎYely 
govem. The sole action of the atmosphere is to bend tt» 
lines of force, whilst the needle, being held by these lines, 
changes in position with the change of the lines. The 
needle is, in fact, a sort of balance, on which all the magnetic 
power aroxind a given place hangs. Its mean position is 
the normal position. The fixation of the lines of force od 
the earth brings the needle back from its distnrbed to this 
normal state; thus, as the earth rolls on in its annn&l 
course, that which at one time was the cooler becomes the 
warmer hemisphere, and in its turn sinks as far below tiie 
average magnetic intensity as it before stood above it. Now, | 
sin ce the sum of the forces passing out from the eariih, 
wherever there is dip, must correspond on each side of the 
magnetic equator, it is impossible that they shonld become 
more intense in one hemisphere or more feeble in tbe other 
without corresponding effects upon the position of the 
magnetic equator itself, which may be thus expected to 
xindulate, as it were, with the force, and move altematelf 
north and south every year, , 

In the case of the diumal variation, the whole portioo y 
of the atmosphere exposed to the sun receives power ta \ 
refract the lines of force, and the whole of that whicb caves 
the darker hemisphere assumes an equally altered but ooo- 
trary state. It is as if the earth were enclosed witbin two 
enormous magnetic lenses, competent to affect the directîoD 
of the lines of force passing through them. 

This hypothesis does not assume that the heated or ooob^ 
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air has become actnally magnetic, hat is changed only in its' 
power of transmittîng the lines of magnetic force. It does 
not at present profesa to apply to the magnetic or great 
secular cbanges of terrestrial magnetism, or to the canse of 
the magnetic state of the earth itself. With respect to 
variations of magnetic force not periodic but irregular, 
I^araday refers them to varying pressure, winds, currents, 
precipitat ions of rain or snow, &c., all of which may change 
the magnetic conduction of the air ; and in this way the 
presence of a mere cloud near a station may do more than 
the rising sun. Where the air is changed in temperature 
or volume, there it acts and there it alters the directions of 
the lines of force, and these by their tension carry on the 
offect to more distant lines, whose needles thus become 
afiected also. 

284. Theoretical Beview of Ordvnary Magnetic Action, — 
The first idea of ordinary magnetic phenomena was, as we 
have seen (13), the doctrine of Thales, who conceived the 
magnet to possess a specios of animation ; this doctrine, how- 
ever, was superseded by the doctrine of magnetic effluvia 
(13), a principie which engaged the attention of philoso- 
phers down to the time of the celebrated Boyle. Lucretius, 
în his fine poem * De Rerum Natura,' supposes that in the 
attraction of iron the effluvium of the lodestone displaced 
the surrounding air, in consequence of which atoms of iron 
flew toward the void, and in doing so dragged the iron 
toward the lodestone. Following this hypothesis arose the 
notion of an expansion and contraction of the effluvia, which, 
being thrown outward from the magnet, seized upon ferru- 
ginous matter, and drew it by a collapse to the magnetic 
pole. Boyle resolves magnetic effluvia into indefinitely 
small atoms of magnetic iron, so indefinitely small as to 
permeate solid substances, and thus the lodestone is enabled 
to seize upon iron so forcibly as to raise it against its own 
gravity.* Qilbert imagines magnetic force to depend on 
* *Essays on EfluTiums/ p. 33. London, 1673. 
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teliat lie calls 'a formal efficîency,' a 'form of prîmary 
globea,* of whicli forms there is one în the sim, one in the 
earth, another in the moon. Magnetism is the ' formal effi- 
ciency ' pecnliar to the earth. The vîews of this truly great 
philosopher are, it must be allowed, very obscnrely ex- 
pressed, and, in common with all the preceding, were never 
practically applied in physico-mathematical science. 

285. Descartes, casting aside all preceding doctrînes, 
applied his famons system of vortiees of SBtherial fluid in 
explanation of magnetic action. The Gartesian hypothesifl 
supposes matter to be indefinitely extensible without any 
other property, and to consist of atoms of different foims 
— every other quality being derived from aetherial elastic 
fluid continually revolving in vortiees or eddies of varions 
orders. The magnetic curves he thinks an evidence of 
this. In no instance has the reasoning of this distm- 
guished man been so persuasive as in the application of lâs 
theory to the phenomena of magnetism, 

286. Dr. Gowen Knight supposes magnetic action to 
depend on the circulation of a repellent fluid existing in 
space and in the pores of steel,* and capable of passing in 
and out of the magnet, or between magnetic poles, in one 
direction only. This hypothesis he thinks consistent with 
the observed phenomena. If, he says, a reason can be 
assigned for this circulation, then the * whole mystery of 
magnetism is solved.' Attraction, upon this hypothesis, 
is the result of the fluid circulating from the pole of one 
magnet to the pole of another, fig. 17 (28). Repulsion, on 
the contrary, is the result of opposed streams, fîg. 18 (28). 
Dr, Knight's work is by no means undeserving of notice, 
as being one of the first attempts to account for magnetic 
phenomena through the mechanics of matter and motion; 
and although strong exceptions have been taken to his 
postulates, the question how far they lead us to conclusions 
in accordance with observation still remains to be con- 
* 'Attempt to expkin tbo Phenomena of Nature/ &c. (London, 1748.) 
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sîdered ; of the agents employed by natare we really know 
notihing, except by the assîmilation of effects witb other 
agencîes fiuniliar io ns. One of the great objectîons taken 
to this hypotbesis îs, tbat it îs irreconcilable wîtb the par- 
ticular law of force deduced by Lambert and Coulomb, and 
sbonld tberefore be dîscarded.* Tliîs is, however, a some- 
what basty conclusîon, since we have already seen, both 
experîmentally (208) and by the researches of Faraday 
(282), that magnetism îs not necessarily a central force, 
and that the law dednced by Gonlomb and other phîloso- 
phers îs only a partîcnlar case of a more general form of 
magnetic action. 

287. It îs not nnworthy of remark, that soon affcer the 
discovery of electro-magnetîsm în 1819, Ampere deve- 
loped hîs beantîftil electro-dynamîc theory, and showed the 
mntnal attractions and repulsîons of electrîcal cnrrents f 
accordîng to a certain fundamental law ; by assnmîng for a 
magnet a peculîar stmctnre, he brîngs ît nnder the do- 
mînîon of thîs law, and by a most beantiftil experiment 
shows that the cîrcnlation of electrîcal cnrrents în a spîral 
wîre, fig. 43 (51), imparts to that wîro all the propertîes of 
polarity în the dîrection of îts length ; and îs finally led 
to conclnde that a magnet has a current of electric fluid 
cîrcnlatîng abont ît în planes nearly perpendicular to îts 
axis. 

288. Followîng'Dr. Knîght's work, we have the fine 
work of ^pînus,ţ in whîch the author supposes the ex- 
îstence of an aetherial fluid, termed the magnetic fluid, the 
particles of whîch repxdse each other, but attract, and are 
attracted by, the particles of ferrugînous matter. He fur- 
ther supposes that, in the absence of thîs magnetic fluîd, 
the partîdes of ferrugînous bodies also repulse each other, 
but attract the magnetic fluid ; all these attractions and 

* * Library of Useful Knowledge.* * Magnetism/ p, 33. 
f < Budimentaiy Electricity/ second edition, p. 170. 
ţ ' Tentamen Thwmad Electridtatis et Hagnetîsmi.' 
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repulsions conform to the ' general law of centrfkl foroei^ 
b^ing as the sqnares of the distances inversely. - ^puu^B 
had the great merit of redncing the laws of equilibriiim of 
such a fluid and common matter to strict mathematical in- 
vestigation, and of aâbrding, in a great majoritj of cases, 
a satisfactory explanation of the phenomena. Aceording 
to the hjpothesis of ^pinus, the condition of a magnet is 
an indnced distnrbance of the magnetic fluid it contaiii8| 
from which results a rednndancy or accnmnlation of flnid 
iu one pole, and a deficiency, or what may be termed re- 
dundant matter, in the other. This positive and this nega- 
tive pole attract oach other because of the mutual attraction 
between the redundant fluid of the positive pole and the 
redundant matter of the negative pole. Two positive poles 
repulse each other from the mutual repulsion of the parti- 
cţes of the magnetic fluid ; two negative poles also repulse 
each other in consequence of the repulsion of the particles 
of redundant matter. Induction is the result of similar 
attractions and repulsions upon the magnetic fluid and fer- 
mginous matter or distant iron by anovercharged or under- 
charged pole. 

289. The French philosophers, startled at the assumption 
of a repulsive force in the particles of conmion matter, as 
being contrary to a fundamental law of gravity, changed the 
terms of the hypothesis of ^pinus, without altering vir- 
tually its application. Having assumed'the existence of a 
primary magnetic fluid, they supposed it to be a compound 
of two elementary principles, an austral and a boreal fluid, 
each repulsive of their own particles, but attractive of each 
other. Magnetic action is the result of a separation of theee 
elementary fluids in each partide of the mass, and to which 
they are confined, This hypothesis originated with Con- 
lomb about the year 1780, after the discovery of the oppo? 
site electricities, and the electrical theories of Du Fay and 
Symmer. It has since been more especially carried.putin 
bU its gei^erality by M. Poisson, in his elaborate and 
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mathematîcal analysis of the phenomena of magnetism. 
M. Poisson proves that the sum of the actions of the 
magnetic elements in a given magnet are the same as if 
they proceeded from a thin stratum of each fluid occnpying 
the snrface only, and so distributed that their total action 
npon the interior of the body is eqnal to zero. We havo 
only to substitute the term austral fluid for redundant mat- 
ter or deficient fluid, and we have nearly the same result. 
Bonnycastle, in bis application of this hypothesis, conceives 
the two fluids to have accumulated in opposite parts of a 
magnet, which would maJce it identical witb the hypothesis 
of -^pinurf, by only changing the terms ; whilst Barlow 
confines the action to the surface of the magnet alto- 
getber, and refers the respective centres of force to two 
centres indefinitely near eacb other in the centre of at- 
traction of the surface. 

We have rather dwelt on tbese views of j^Eîpinus and the 
Frencb philosophers because of their admitting of the appli- 
cation of strict mathematical reasoning, and because of their 
being generally received as adequate to tbe explanation 
of magnetic action, no other equally substantive theories 
having been hitherto proposed ; we must not, however, 
imagine that either of these hypotbeses fumishes a real 
explanation of magnetic force, or that the existence of a 
magnetic fluid or fluids is, affcer all, anything more than a 
fiction of the mind, employed as a temporary substitute for 
trutb. Still they greatly assist us in arriving at what we 
may consider as a true theory, vîz. a resolving of classified 
facts into otber facts still more general, and the final 
development of one great ultimate fact common to them 
all. Few wbo have considered the more recent progresa of 
electricity and magnetism, more especially the brilliant 
researches of Faraday, will be disposed to place much con- 
fidence in the notion of electrical and magnetic fluids, and 
wbo will not perceive that the phenomena depend in all 
probabiliiy upon a principie of causation of a very difiereiv^ 

Q 
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character. Grove, reasoning on ihe correlation of phjsical 
forces, considera magnetism as a mode of motion caused bj 
certam undnlations or yibrations in the particles of common 
matter. Faraday, as we have seen,* disencnmbers liiniself 
of the common theorj of material atoms, and refers tbe 
pbenomena to certain lines of force traversing space and the 
relations which Tarions snbstances have to these lines. 
In all these speculations the student will do well to 
remember that it is quite in vain to seek for an adeqnate 
-explanation of causation in the abstract ; aJl we can hope to 
arrive at is, as just observed, the resolving of pbenomena 
înto an intelligible sequence, and showing their dependenco 
on some great ultimate principie reducible to a fact. This 
it is which constitutes a perfect theory. 

[290. Umploymeiit of huluced Magneto-electric Ourr&iiU a» 
a test mid meas\iTG of Magnetic Force, — Faraday* s Researches. 
— A piece of metal or conducting matter which moves 
across lines of magnetic force (282) bas, or tends to have, 
a current of electricity produced in it, and the directioE 
of the polarity of a magnet is determined by the directiait 
of the electric current produced in it during the motion. 

Thus, if N represent a mag- 
^^S' 137. netic pole, and over it a cir- 

cuit be formed of metal of any 
shape, and which at first is in 
a position c ; then, if that cir- 
cuit be moved in one direc- 
tion into position 1, or in 
the contrary direction into 
positions 2, 3, 4, and 6 ; or if , 
the first position c being re- 
tained, the pole move to or 
towards the position w, then 
an electric current ^dll be poduced in the circuit, having 
in every case the same direction, being that marked by the 

* * Kudiinentary Electricity.' 
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arrows. Beverse motîons give currents in the reverse 
dîrection. 

No indactive effect is produced by the mere rotation of 
a bar magnet, and no currents are produced in a wire re- 
volving with the magnet ; but if the wire rotates whilst the 
bar is stationary, or if the bar rotates while the wire is 
stationary, currents are produced. 

The magnetic forces are distribated in and round a bar 
magnet in the simplest and most regular manner, so that 
any wire or line proceeding from a point in the magnetic 
equator of the bar, so as to pass through the magnetic axis 
to a point on the opposite side of the magnetic equator, 
must intersect all the lines in the plane through which it 
passes, and a wire ring, somewhat larger than the magnet, 
held edgewise at one of the poles, and then tumed 90° and 
carried over the pole to the equator, intersects once^ all, or 
nearly aU, the lines of the magnet. 

In experimenting on the currents produced in wires when 
they cross the lines of magnetic force, Faraday employed 
a galvanometer (fig. 138) in which the conducting coil was 
cut out of plates of copper, so as to form a square bând 
0*2 of an inch in thickness, which Y\g, 138. 

passed twice round the vibration 
plane of each needle, the length 
of the metal round the needles 
being 24 inches, the fine long 
wire of the coil galvanometer 
ofiering too great an obstruction 
to the passage of currents of such 
feeble intensity. These galvano- 
meters proved far more sensible 
than the fine wire Instruments ; the mere passage of a 
wire loop once between the poles of a horseshoe magnet 
(fig. 139) capable of supporting 40 Ibs. being suficient to 
cause a swing of the needle through 90°. 

It was found necessary, în order to obtain uniform 

^2 
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results, that the wire sbonld be moved with tbe samie 

velocity, and sbonld be of tbe 
^^' ' same tbickness and of tbe 

■ "" ■ same metal. 

_ By the term magnetic pa* 
larity, Faraday nnderstands 
tbe opposite and antitbetical 
actions wbicb are manifested 
at tbe opposite ends of a 
portion of a li7ie of force, and be regards tbe indications 
of tbe moving wire as most valuable,* becanse it sbows the 
fdll amonnt of magnetic power witbout in tbe least distnrb* 
ing tbe disposition of tbat power. Tbe amount of cnrrent 
induced is precisely proportionate to tbe amonnt of lines of 
magnetic force intersected by tbe moving wire in wbicb tbe 
Fig. 140. electric cnrrent is generated and appears. Tbns, 
on introdncing a bar magnet into tbe loop, fig. 140, 
r^ ^ and leaving it tbere, a deflection of 8° i^as con- 
^'■"^ stantly prodnced at tbe galvanometer; two intro- 
dnctions (tbe electric cnrrent being broken by 
removing one or otber of tbe terminals of tbe loop 
from tbe mercury cnp of tbe galvanometer, pre- 
vions to removing tbe magnet) produced a deflec- 
tion of 15'75° ; three introdnctions prodnced a 
deflection of 28*87° ; and/oî*r, a deflection of 31-66°. 
For experimenting witb tbe magnetic force of 
tbe eartJi, tbe form of moving wire employed was in 
tbe form of a rectangle or ring, wbicb was cansed 
to rotate, and tbe cnrrents prodnced gatbered np 
by a commntator and sent on to tbe galvanometer 

* Tho pointing of a substance is an effect dependent on media and 
circiimstances ; e.g. a weak solution of protostUphate of tron, if sur- 
rounded by Tfr^ater, will in the magnetic fîeld point axiaUyf but if in a 
solution stronger than itself, it will point equatorially. 

In a field of eqtial force, a magnetic needle cannot show polarity, as 
the very fact of pointing implies a disturbance of the equality of 
arrangement of force. 
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to be measxired, There is this difference between the 
magnet and the earth in their action on the moving wire. 
K a loop be placed over a magnet, it encloses all the 
lines of force belonging to it ; therefore the greater the 
number of convolutions of that loop, the greater the amoiint 
of electricity induced. The contrary is the case with regard 
to the earth's magnetic force ; here the lines of force inter- 
sected are as the areas of the moving rectangles. 

Faraday thinks that, by improved arrangements, the 
moving wire may hereafter be applied with advantage to 
the investigation of the earth's magnetic force in different 
latitudes and places. The axis of rotation must be per- 
pendicular to the lines of force, i.e, to the c2ip. 

291. Analogy of a Magiiet with a Voltaic Battery and an 
Electric Conductor polarized hy Induction, — ^As far as regards 
the disposition of the externai lines of force, the analogy is 
perfect. Faraday magnetized to saturation a very hard 
steel bar 12 inches long, 1 inch broad, and 0*05 inch 
thick; its power, as measured by the moving wire, was 
6*9°. It was now broken into two pieces nearly in the 
middle : one half had a power of 6*94°, the other of 5*89°. 
The two pieces, placed side by side with similar poles, 
together as a compound magnet, had a power of 11*06°, not 
much below the sum of the powers of each half ascertained 
separately, and the loss on each half, as compared with the 
original bar, was not greater than was to be expected, 
considering the satnrated state of the original magnet. 

This is quite in harmony with the voltaic battery, for it is 
well known that if a battery of twenty plates be separated 
into two of ten or four of five pairs, each of the smaller 
batteries can snpply as mnch dynamic electricity as the 
original battery, provided there be no obstruction to the 
passage of the cnrrent. 

But in neithep the battery nor the conductor are the 
lines of force continued intemaUy, as is the case with the 
magnet. Consequently, on separating the conductor or 
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insulated battery in the middle, no cbange appears there, 
nor any origin of new lines of inductive force, but tbe two 
divided portions remain in opjpostte states, or absolntelj 
changed. In the magnet, on tbe otber bând, tbere is on 
division a development of new externai lines of force, and no 
absolute cbange of nortbness or sontbness,because tbe lines 
of force are continuous tbrougb tbe body of tbe magnet. 

It bas been sbown by Ampere and Davy tbat an electric 
cnrrent bas a tendency to elongate itself^ and tbat like electric 
corrents attract eacb otber ; but a magnetic * axis of power* 
bas a tendency to shorten itself, and like magnetic lines of 
force exert mutual repuhion, Here a contrast between 
tbe electric and magnetic forces seems to be demonstrated, 
but in reality tbere is again a coincidence, because tbe two 
axes of power are at rigbt angles to eacb otber. Again, 
unlike magnetic lines, wben end on, as wben similar magnetic 
poles are face to face, repel; so also, unlike electric currents, 
wben in tbe same relation, re^eî also. Like electric forces, 
wben end on, coaîesce; like magnetic forces do tbe same. 
Like electric currents end to end do not add to tbeir sums ; 
tbe quantity of electricity circulating in a battery is not 
increased by adding to tbe number of tbe plates ; and like 
magnetic 'lines of force,' do not increase eacb otber. Lastly, 
lilce electric currents side by side (a voltaic battery with 
large plates compared witb one witb small plates) add tbeir 
quantities togetber, and liJce magnetic forces do tbe same. 

292. ConcUtimi of a Magnet. — ^Faraday considers tbe con- 
dition of a magnet to be similar to tbat of a voltaic battery 
inmiersed in water, or to a gymiwtus or torjpedo, wben tbeSd 
fisb, at tbeir will, fiU tbe surrounding fluid witb lines of 
electric force. Tbe direction of tbese lines may be traced 
in tbe water round tbe battery by a magnetic needle or by 
tbe galvanometer ; tbere is probably just sucb a medium 
(magnetically speaking) round a magnet in free space. 

In a borsesboe magnet tbe lines of force are greatly 
âistorted, Tbe line of maximum forces from pole to poto 
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grows up as the horseshoe form is more completely gîven, 
the power gathering in and accumnlating about this Kne, 
JDecause the bad conducting space between the poles îs 
shortened. A bent voltaic battery or a gymnotus, curved 
at the moment of its action, presents like results. 

The action of the keeper in reducing the power of the 
magnet in the space around is evident : a good conductor is 
substituted for a bad, and hence more power is transmitted 
through it, and less through space. Again, when a magnet 
is charged to satnration with the keeper on, it falls in power 
when the keeper is removed, because the keeper, while on, 
in consequence of its excellent conducting power, enables 
the magnet to take up and sustain a higher condition of 
charge, which faculty it loses when the keeper is removed. 
The same explanation applies to the well-known fact, that a 
magnet will receive a much higher charge when a piece of 
iron is in contact with its poles than when it is surrounded 
with the lower paramagnetic air. It also shows why the 
armat ure of the lodestone is useful. A magnet when 
charged to supersaturation loses its power when left alone ; 
but if the feeble magnet-conduoting air be replaced by a 
body of good conducting power, as when a magnet is sur- 
rounded by iron, it retains its power. 

293. Flaces of no Mag^ietic Action, — Faraday arranged six 
electro-magnets in the position shown in fig. 141, so that^ 
when excited, their poles were together in such a manner 
as to include a cubical space or 
chamber, to which access could ^'S- ^*^- 

be obtained either by removing 
a portion of the solid angles of 
the ends, or by drawing one of 
the electro-magnets a little way 
from the others. A small mag- 
netic needle, hung in the middle 
of this space, gave no indication 
of any magnetic power ; iron filings sprinkled on a caid 
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were not affecied in the middle part, nor conld anj induc- 
tive effects be obtained bj the rotation of a ring helix. The 
chamber was in fact the analogne of the space presented 
within a deep raetallic vessel when charged with electricify. 
Similar phenomena maj be obtained with ordinary mag- 
nets placed with their similar poles together, as in fig. 1^. 

Iron filings sprinkled on a 
Fig. 142. pasteboard tray may be ex- 

amined in the chamber of 
fig. 142, and a small mag- 
netic needle may be intro- 
duced iiito the vertical cham- 
ber of fig. 143. 
* Contemplating,' says Fa- 
raday,* * a bar magnet by itself, I see in it a source of dual 
power. I believe its dualities are especially related to each 
other, and cannot exist but by that relation. I think that, 
though related through the magnet by sustaining power, 

they are not so related by dis- 
charging or inducing power, a power 
equal in amount to the coercitive or 
sustaining power. The relation ex- 
temally appears to me to be through 
the space around the magnet : in 
which space a sphondyloid of power 
is presant, consisting of closed curves 
of magnetic force. That the space 
is not magnetically dark appears to 
me by this, that when bodies occupy that space having 
like relation by known phenomena to the power as the 
space has — as copper, mercury, &c. — they produce magneto- 
electric currents when moved. When bodies (media) occupy 
the space around the magnet, they modify its capabiHty of 
transmitting and relaxing the dual force of the magnet, 
and, as they increase or diminish that capability, are para- 

» * Phil. Mag.* Feb. 1866. 
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magnetic or diamagnetîc în their natore, giving rise to the 
phenomena which comes under the term of magnetic con- 
duction. The same magnet can hold different charges as the 
medium connecting its poles varies, and so one fdUy charged 
with a good mediiim (such as iron) between its poles falls 
in power where the iron is replaced by air, or by space, or by 
bismuth. The medium about a magnet may be mixed in 
its nature, and then more dual power is disposed of through 
the better conductor than the worse, but the whole amount 
of power remains unchanged. The powers and utility of 
the media and of space itself fail, if the dual force or polar 
action be interrupted. The magnet could not exist without 
a surrounding medium or space, and would be extinguished 
if deprived of it, and is extinguished if the space be occu- 
pîed adversely by the dual power of a dominant magnet of 
sufficient force. The polarity of each line of force is in the 
same direction throughout the whole of its closed course. 
Pointing in one direction or another is a differential action, 
due to the convergence or divergence of the lines of force 
upon the substance acted on, according as it is a better or 
worse conductor of the magnetic force.*] 
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CHAPTERX. 

THE MAKINEE'S COMPASS. 

Early History — The Mariner'B Needle— Dr. Q. Knight's Inqmriefr— 
Best Form and Condiţiona of Compass Bars — ^Modes of Suspension — 
Scoresbj's Compound Bars — Emplojment of more than one Needle in 
the same Compass; various kinds of Sea-Compass — Committee of 
Inquiry into the State of the Compass Department of the Navy — The 
Admiralty Compass — Application of Magneto-Electrieal Action to.tiie 
Movements of the Needle and Compass by the Anthor — ^Magnetîe 
ObservatoryatWoolwich — ^Mode of testingthe Compasses of the Eoyal 
Navy — Local Attraction of Ships— Iron Ships — ^Deviations of the 
Compass on Shipboard — ^Methods of Correction. 

294. We have already described (147) in a general way 
the nature and use of the mariner*s compass, and have 
further explained (243) the terrestrial magnetic variations 
to which it is snbject ; there remain, however, to be yet 
considered some other circumstances connected with this 
snperb invention demanding especial attention ; these reiate 
principali j to certain improvements in the constrnction and 
nse of the compass, and the deviations to which it is liable 
in consequence of the local attraction of a ship, especiallj 
of an iron sliip, together with the methods hitherto prac- 
tised for determining and correcting such deviations. Upon 
a review of the immense importance of this subject, there- 
fore, as a branch of magnetism, we have thought it desir- 
able to devote a few pages to the exclusive consideration of 
this wonderful instrument, which, taking it in all its 
generali ty, may be considered as the polar star of magnetic 
science. 

296. The application of the directive property of the 
lodestone (6) to the pnrposes of perilous joumeys on land, 
and to the art of navigation, may be considered, probablj. 
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tlie first, as it was certaînly the greatest practicai use to 
which magnetism has been as yet made snbservient, and 
fumishes an invaluable lesson in attemps to investigate 
nature by a careful coUection of facts, however trifling the 
feicts may appear. The person who first observed the 
attraction of one partide of iron toward another little 
thought of its leading to a means of gaiding the mariner 
over a perilons and pathless ocean in the midst of darkness 
and tempest, without any other light to cheer his way than 
that of a small lamp shining on a piece of steel ; yet sucii 
has been the result of the discovery of magnetic agency^ 
By whom the mariner*s compass was first invented, or with 
what nation it may have originated, has never been circum- 
stantially determined ; it is, however, pretty certain, as 
observed by the indefatigable Humboldt, that, at least 
seven hundred years before it was employed by European 
nations, Chinese craffc were sailing on the Indian Ocean 
under the supposed guidance of south magnetic indication : 
this, together with the proved use of the common compass 
in China from the earliest times of which we have any re- 
cord, the terms the Chinese employ to designate it, and the 
prevailing idea in that country that the needle points 
south, go fex in corroborating the opinion that the mari- 
ner' s compass originated in China, or in some part of 
India (8). A rude form of compass is said to have been 
invented in Upper Asia, and from thence conveyed by the 
Tartar s to China.* 

The employment of the needle in navigation appears to 
have been first generally introduced into Europe towards 
the end of the thirteenth, or the beginning of the fourteenth 
century, and is attributed to a Neapolitan, a noble citizen 
of a town of Principate, which has ever since borne the 
figure of a mariner' s compass as the arms of the territory. 

296. The . magnet, when first used in navigation, consisted 
of a common sewing-needle, which, being rendered magnetic, 
* lăiB, 6omerTille, * Phjsical Sciences,' pw 33l8. 
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was passed througli a piece of reed or cork, sometimes 
forming a cross, and allowed to float on the siirfaGe of 
water ; hence, probably, the term * magnetic needle.* Sncli 
at least, was the practice of the captains navigatîng the 
Sjrian seas in 1242.* Snbsequently, however, the needle 
was increased to abont six inches in length, and suspended 
on a point, in a white china dish filled with water, probably 
to prevent it £rom fieilling toward the side of the vesseL 
The present form of the mariner's compass (147) is nn- 
donbtedly of comparativelj recent date, and it is eqnally 
certain that advances toward refinement in its constmction 
have been very slow ; indeed, so lately as the year 1820, 
Ptofessor Barlow, who was directed by the Board of Admi- 
ralty to investigate and report on the state of the compasses 
famished to the royal navy, states, ^ that at least one-half 
of them were mere Inmber, and onght to be destroyed/ 
Flinders also observes, * the compasses of the royal navy 
are the worst-constructed instruments of any carried to 
sea.' 

297. We are indebted to Dr. Gowan Klnight f for many 
valuable attemps to improve the mariner's compass in this 
conntry. A Im ost all the needles in merchant ships were, at 
the time he wrote, in 1750, composed of two pieces of steel, 
bent in the middle, and nnited in the form of a lozenge or 
^. ... rhombus, as in the annexed 

±lg. 144. ' 

fig. 144. This form he con- 
siders as very objectionable. 
Having examined twenţy 
of these needles, he fonnd them all to vary from the tme 
direction. Shonld the temper of the steel be nnequal, the 
hardest sides will have, he says, the greatest directive 
power. Besides this, the sides which nearest agree în 
direction with the earth's magnetism, when the needle 
deviates from the meridian, will tend to preserve the decli- 

* Klaproth, * Lettre ă M. Humboldt/ p. 57. 
t *Phil. Trans.* 1760, voi. 46. 
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natîon more or less ; hence manj of the needles and oarda 
lie examined appeared to have a very small directive force, 
The needles employed in the navy were made of a single 
plece of spring-tempered steel (87), broad toward the ends, 
which were pointed, and tapering toward the middle, as 
represented in the annexed fig. 145. Fig. 145. 

This form, although less objectionable <^^^^^ -^^ ""^^^ 
as to direction, was still imperfect. 
Sach needles, he says, acquire six poles (26) ; these may be 
made apparent by the experiment with steel filings (28). 
The needle has not, from this circumstance, the same 
amount of directive force ; the greatest directive force ob- 
tains when the magnetic curves extend from two polar 
extremities. Dr. Knight concludes, after a carefiil inquiry, 
that a regular parallelopiped, or straight bar narrow-edge 
needle, as represented in F* 146 

the annexed fig. 146, is the 

most advantageous form \ '" " • — — *| 

for a compass-needle. He ^ 

thinks that if the hole at c for the suspension-cap could be 
avoided, it would be very desirable, and for the reasons jnst 
assigned. With this view he was led to suspend the bar upon 
an agate attached to its under surface, the cârd being secured 
beneath the bar through the intervention of a ring of brass, 
of sufficient weight to bring the centre of gravity of the 
whole system below the point of suspension. Such was the 
form of needle and cârd afterward in use for some time in 
the royal navy ; and it is still worthy of serious attention, 
how far this kind of suspension may not be improved in its 
application to the light talc 
discs now employed, so as to 
avoid the weight of the brass 
ring. As, for example, in the 
way indicated in the annexed 
fig. 147, in which a eh d tq- 
presanta a light disc of talc, attached by two fine wires at 
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the extremities of the bar ; e, tlie point of-snspensîon wbioli 
is beneath the bar ; d, the standard of snpport. 

It îs net tmworthy of remark that the Chinese method of 
snspending the compass-needle, already described (122), is 
based on the same principie ; the point of suspension în the 
Chinese compass is invariably below the centre of gravîiyof 
the needle, the needle being perfectly continnons. The sensî- 
bility and delicacy of these înstruments are qxdte snrprîsîng. 
The Dntch employed for several years a conîcal brass beli 
in the suspension of their compasses, which they attached 
below the centre of the needle, as indicated în the annexed 
fîg. 148. AII these contrivances, however, became even- 
tually snperseded by a simple suspension-cap fixed în the 

centre of the needle, as at e, 
Fig. U8 . ^g.l4!6; but of all the methods 

of suspending the magnetic 
needle, that by means of a silk 
fibre (118) is undoubtedly the 
most delicate although not per- 
haps sufficiently practicai for 
sea-going purposes. 
298. Dr. Knight further inquires as to the best material 
for the cap of suspension. The caps at that time în nse 
were either made of brass or a hard, mixed metal, similar 
to the metal of a reflecting telescope, or otherwise containing 
a centre of crystal or agate. The first, he says, will only 
admit of a brass point ; the others being costly, he was led 
to try glass ; but upon the whole he concludes that a cap 
centred with agate has the least amount of friction. For a 
point he chose a common sewing-needle. Of late years the 
centres of the capsof compass-needleshave been occasionally 
formed of ruby, aud a point employed for their suspension 
formed of native alloy, which is foundtobeharder thansteeL* 
This guestion is one of much consequence to the workîng of 

* A valnable practicai paper, by Ca.pt. 3o\KQBssti,'&.?^.,«a.\kâ& «ab- 
Ject, will he found in the Beports oî \:\i©Bt\\.\ft\i K**QRAa.Vâss^is»\%^a. 
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^ sbîp's compass ; thâ great weîglit of the needles and cards 
at present employed, is very liable to work a bole in the 
agate centres, especially when at all defective in structnre ; 
and so eventnally destroy its action ; hence it is still veiy 
doubtfnl whetber a fine and well-bardened point of brass, 
worked to fit a central cap of bard mixed metal, is not after 
all as well adapted for tbe purpose of a delicate and lasting 
snspension as any wbicb can be devised. Mr. Stebbings, a 
celebrated optician at Sontbampton, employs ruby for tbe 
points as well as tbe caps, worked to fine globular snrfaces 
of contact. 

299. Tbe question of tbe most favourable conditions in 
tbe construction of a compass-needle was, in tbe year 1821, 
fortber inyestigated by Capt. Kater, F.R.S., wbo came to 
tbe conclnsion tbat tbe best form was tbe pierced rbombns 
{fig. 144) ; tbat bardening tbe needle tbrongbont was in- 
jurions to its capaoity for magnetism, and tbat tbe directive 
force depended on tbe mass, and not on tbe surface. Tbese 
deductions bave not certainly been so satisfactorily con- 
firmed as to entitle tbem to nnlimited confidence ; indeed, 
it is now nniversally admitted, tbat a bar of small breadtb, 
fig. 145, suspended edgewise, and bardened tbrongbont, as 
practised by Gowan Knigbt, is affcer all tbe best form for 
tbe needle of the mariner's compass : tbis kind of needle, 
therefore, is nsually employed. 

Captain Kater's conclnsion, tbat tbe directive force of a 
magnet is dependent on its mass, bas yet to be reconciled 
witb tbe fine experiments of Professor Barlow (233), and 
tbe more recent inqniries already adverted to (228). 

300. It may be wortb wbile to notice a few conclnsions 
arrived at by Micbell and some of tbe old writers on tbis 
subject. Micbell observes tbat all single nnarmed bars 
sbonld bave a certain lengtb, in proportion to tbeir weigbt. 
A bar 6 incbes in lengtb, and ^ an incb wide, sbonld weigb 
If oiinces. Tbe steel mnst be firee from veioa of i^oI^ ^ss.^ 

♦ • Phil. TianB: foT \E1^\. 
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hardened with a fall heat, but not with too great a Iieat; 
for that is as bad as tbe other extreme. That is the best 
steel whicli will receive the greatest hardness with the least 
degree of heat. 

Michell recommends very light bare for the porpose of a 
compass-needle, because the friction, he says, increases in a 
mnch greater, degree than the magnetic power; he recom« 
mends the caps for snch needles to be of gold alloj, the 
alloy in large proportion. He fonnd a long needle with 
this cap to vibrate on an irregular blunt brass point for 
fifteen minntes, whereas, with a common brass cap, and a 
sharp steel point, it would scarcely vibrate at alL 

Mr. Timothy Barlow, in a good practicaVwork,* in which 
he treats of the ' fashion of the compass-needle,* says that 
the steel must be first hardened to brittle hardness; it 
shoold be anointed with soap before being put into the fire, 
by which the black will easily scale oflf. The needle is to 
be now placed on a bar of red-hot iron ; when * you shall 
see it turn from white to a yellowish colonr, and then to 
blue ; * now throw it on a table and let it cool ; and * so he 
is of a most excellent temper.' For the form of the needle 
he approves of an open eUipse, but is a great advocate for 
light cards and needles. 

301. Having already considered the questions relating 
to the kind of steel, temper, and methods of magnetizing 
(89) (99), it will not be requisite to enter further upon 
these questions here. We have merely to observe, that in 
the construction of bar-needles for the mariner's compass, 
it has been thought of advantage to employ two or more 
magnetized steel plates, and unite them into a sort of com- 
pound magnet (19, 113). The Rev. Dr. Scoresby, at the 
Bristol meeting of the British Association, in 1836, first 
proposed this method for compass-needles, and insisted on 
the necessity of tempering the plates throughout their 
length. Compound bars of thin steel plates, on Scoresby's 

* 'Magnetica! Advertisements.' (London, 1616.) 
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constmction, have sînce been. employed for the compasses 
of the royal navy. 

302. It was customary, above half a centmy sinoe, to 
apply more than one needle to the same compass-card ; this 
practice has of late yearsbeen again revived, with additiozui 
and improvements, more especially in the compasses of 
H.M.'s ships, in whichfrom three to five needles have been 
employed. Cavallo, whose works on electricity, magnetism, 
and other branchea of physics, are highly prized in the 
world of science, has in reference to this practice the fol- 
lowing remarks : * Compasses for the sea service formerly, 
and some even at present, are made in the following im- 
proper manner: The brass cap is fastenedto themiddleof a 
circular cârd, upon which the various points of the horizon, 
as the east, west, &c., are marked. On the nnder part, 
two pieces of magnetic steel are stuck fast to it, so as to 
be parallel, and to stand about half an inch distant from 
one another, the pin upon which the whole is suspended 
passing between them.' * The object in using more than 
one needle is evidently a greater directive force ; this ad- 
vantage, however, as observed by Professor Barlow, cannot 
be obtained without an increase of weight of steel, and as 
a necessary consequence, a greater amount of friction on the 
point of suspension. Unless, therefore, the directive force 
increase in a greater ratio than the loss by friction and wear 
of the centre, little advantage is obtained. The only fa- 
vourable circumstance is in the case of heavy cards, made 
purposely heavy, in order to steady the motion likely to be 
induced in it by the rolling and pitching of the ship. If 
the cârd be encumbered by a dead weight, the power of a 
single needle is frequently insuficient to bring it accurately 
into its meridian, and thus the essential quality of the com- 
pass is sacrificed ; now, by employing several bars, we not 
only add to the weight of the cârd, but we also add directive 
force, and thus in great measure avoid this defect. It will 

* ' Treatise on Magnetism/ by Tiberîns Cavallo, F.RS. (London, 1800.) 
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be foand, however, as we ehall preeeatly Eiboir, OMk tte vm 
of more thaa oue bar-needle and beaTj cards ^re qoita 
nimeceBsaiy ; any metliod of steadjing ft compaea hj me- 
chanical impeâiment to motioD, whetlier 1^ fiiction on the 
point of SRBpension, or on aay oiher point, ia evidentlj 
a hazardoas practice, The marmer, deceîved by the ap- 
parent steadînesB of the compass-card, may £iid himaelf in 
perii beforo hd ie aware of his danger, tli6 impediment to 
motion being snch as to place the compafla in error as to 
âirection, 

303. Aa a great and almost endless variet^ of forme and 
contrivances for tbe mariner'a compasa, 'with a vîew to 
its further improvement, have been proposed, it may not 
perbaps be nndesirable to advert to some of these inven- 
tions. 

Compasa hy Freston, ană Alexander. — ^The great contri- 
vance univereally resorted to for the pnrpose of meeting 
the difficnltîes arising from the pitching and rolling nLOtions 
of the ship, is, as we have alreadj esplained (149), the 
iiiethod of gimbalda, by which nnder any inclination, the 
compasa-bowl remaina vertical. In Preston'a compass, an 
inner and Bmall set of gimbalds are applîed aJso to the 
needle and cârd, the whole resting by a deBcending point 
upon an agate centre, as shown în fig. 149. Thie agate centre 
ia further preaerved 
Fig. 149. vertical and Bteady by 

meanB of a pendnlnm 
action, and a ball and 
Bocket joint, not drawn 
în the fignre. The in- 
terior gîmbalda, &c^ 
bave been found very 
beneficial in preserving 
the needle and caid 
steady. 
Mr. Graat Freston alao contrired another kind of oom- 
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pass, în wbicli tlie needle and card were fixed on a vertical 
axis moveable between two centres, and in 1832 obtained a 
patent for steadying the needle by passing a delicate-pointed 
axis of snpport through a fine bole in a semicircnlar arc, or 
plate of brass, attached beceath tbe needle. 

Pope^s Gompass, — In tbis compass, two or more bar mag- 
nets are now employed. They are set parallel, and allowed 
io take any degree of inclination of wbich tbey are sns- 
ceptible ; eacb bar being bung on a transverse borizontal 
axis, applied to pivots fixed to slits in tbe compass card. 
Tbe fi.'eedom of motion of tbe needles in a vertical plane 
may certainly be usefîil in bigb latitndes ; bnt beyond tbis 
no advantage is derived from it. Tbis. compass originally 
bad only one needle biing in tbe centre of tbe card. 

Compass hy Gaptain Walker, i?.^.— In tbis compass, a 
donble set of snspensions are employed, one over tbe 
otber. First, tbe card is snspended on a fixed vertical 
axis, passing tbrougb a small bole in a plate of brass, 
îittacbed to tbe nnder side of tbe needle, upon Mr. Grant 
Preston's principie, and terminating in the agate cap, 
wbicb is somewbat elevated. Tbis axis of snpport is fixed 
npon a conical beli of brass, sncb as formerly employed in 
tbe Dutcb compasses, and sbown fig. 148. Tbis beli is 
agaîn snspended on a point and agate centre beneatb, as 
represented fig. 150. Tbe object 
contemplated is a steadying of 
tbe needle by a refinement on 
Preston's patent, and a decrease 
of Mction, by allowing motion 
to tbe point of suspension of 
tbe needle tbrougb tbe inter- 
vention of tbe brass beli. Tbe beli, bowever, may be fixed, 
if fonnd desirable, by means of a wooden cone, wbicb is 
to be placed witbin it, over tbe point of suspension. 

Tbe needle may be considered as a sort of combiuation 
of tbe flat and bar-edged needles, tbe latter being nearly 
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divided in the centre, but extending edgewise nnder thd 
.flat bar np to its extremitîes, as indicated in the fignre, 

Compass-Needle by Captam West^ B,N. — The oscillations 
and movement of the needle are checked by the occasioiial 
friction of an ivory ring, throngh which the vertical axis 
of suspension freelypasses. The ring is fixed centrally 
ibeneath the needle by means of a semicircalar arc of light 
brass wire, attached to each of its extremities, as in Preston's 
patent. This contrivance has been found efifectoal. 

Comjpass hy Gaptain Boutakoff, of the Imperial JS/tisma 
2^avy. — The needle is fixed nearly in the line of the dip, 
which can be changed to suit the latitude; the cârd is 
figured on each surface, and so fitted that, in crossing the 
magnetic equator, it can be tumed over with the needle. 
Captain Boutakoff thinks that by this method he avoids at 
least one-half the vibration. 

Denfs Convpass, — In this compass four thin, wide mag- 
nets of steel plate are applied edgewise to the under surface 
'Of the cârd, parallel to each other, and the whole is fixed 
on a vertical steel axis, as practised by Preston, but is 
beautifully set up between two jewels as centres, after the 
manner of the balance of a chronometer ; so that very Httle 
friction arises in the pivots of the axis. The centre of 
gravity and centre of motion are made to coincide. To 
check any inconvenient oscillation, there is a light steel 
spring : this spring, by a simple lever action, may be pressed 
gently against the axis of the compass. 

Stehhi7ig^8 Compass. — ^The needle and cârd are suspended 
on a ruby point and agate centre, which are carefully worked 
to extremely fine spherical and corresponding surfaces of 
contact, so as to avoid all abrasive action ; the compass-fly 
is of silk, secured in a light circular frame of brass attached 
»to the needle ; the whole is enclosed in a glass bowl, and is 
perfectly transparent. This compass is usually fitted in the 
•deck, so as to be illuminated at night by the lights in the 
oahîn beneath. 
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Suhmerged Gorrvpasa, — About the year 1779, Dr. Ingen* 
honz made some expemnents on a magnetic needle îminersed 
in water. He fonnd that the water, by îts resistance as a 
medinm, tended to steady the needle, without diminishing^ 
in any sensîble degree the directive force. This led him to 
think of enclosing the needle for sea purposes in some flnid ^ 
a proposition which, althoiigh deserving mnch considera- 
tion, was not at the time adopted. It has, however, since 
been partially resoyted to, and some instmments of this 
kind by Crowe and Preston have answered extremely well. 
The compass-bowl or kettle (147) being fitted water-tight, 
is filled with oii or spirit, or some fluid compatible with the 
dnrability of the compass. This instrument is occasionally 
employed in the Royal Navy, and is found especially usefal 
in boats when subjected to a short jerking motion. 

304. Admiralty Gompass, — The admitted defects in the 
compasses formerly supplied by contract, by the lowest 
tender, for the use of the Royal Navy, induced the Board of 
Admiralty, in the year 1820, to appoint Professor Barlow to 
examine the compasses then in store. Mr. Barlow found 
these instruments so defective that, as already observed, he 
states, in his report, * at least one-half were mere lumber.' 
Very little amelioration, however, in this state of things 
appears to have taken place until 1838 to 1840, when the 
board appointed a committee for further inquiry. One of the 
results of the investigations by this committee has been the 
production of a compass called jpar excellence *the Admiralty 
Compass.' In this compass four of Scoresby's compound 
magnetic bars are employed, secured together with the cârd 
within a light ring of brass ; the cârd is of mica, covered with 
ihia paper, the impression of the cardinal points, &c., being 
struck off subsequently to its being cemented to the surface 
of the talc, so as to avoid all distortion of the surface by 
shrinking ; the caps are of agate or ruby, worked to the 
shape of the points of suspension, which are of native 
alloy. Spare points of steel are also supplied ; these are 
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gilded by the electrotype process. The compass-'bowl is 
made of copper, with a view to tranqnillize tlie oscillations 
of the needle, afber a form of compass previouslj submitted 
to the committee by the anthor of this work. The principie, 
however, as thns employed, is very ineficient, the great 
condition being the application of a dense ring of copper 
îmmediately round the poles of the needle. Eacb. compass 
is furnished with two spare cards, a light and a heavy 
cârd, and six spare pivots. When the light cârd is noi 
sufficiently steady, then the heavy cârd is directed to be 
employed, together with the particnlar pivot-point espe- 
cially appropriated to its nse ; the cârd is levelled by 
balance slide-pieces, as in the compass previonsly snbmitted 
by the anthor for the consideration of the committee. 

This compass, althongh not possessing any snperior 
excellence as a steering compass, having, with a sensible 
suspension, proved very nnsteady at sea,* is nevertheless 
carefully and beantifally constmcted, especially in its adap- 
tation to the pnrposes of an azimnth compass, into which 
form of compass (150) it is convertible. In this case the 
instrument is placed on a stand, the glass cover removed, 
and the azimnth circle fixed on its npper margin, The 
arrangement is such that the sight-vane and prism (150) 
can be tumed withont interfering with the other parts of 
the instrument, as will be hereafter explained. The bottoni 
of the compass-case also can be removed so as to light the 
cârd from beneath. 

305. Upon a review of nearly all the several forms of 
mariner's compass to which we have just adverted, it is 
evident that the simplicity of constrnction reqnisite to 
every sea-going instrument has been materially compro- 
mised, all the contrivances are more or less complicated, and, 

* See a valuable work by Capt. Johnson, F.R.S., Capt. R.N., • On the 
De^nations of the Compass/ p. 51, published nnder the sanction of the 
Lords Commîssioners of the Admiralty ; as also reports ficom HJi.'s 
ship ' Asia/ and some other TesseLs. 



GENERAL SEMABKS. 35^ 

as a necessary conseqnence, more or less costly. That would 
be the great perfection of the mariner's compass which 
sliould combine steadiness, under the variable motîons of 
the sbip, with great sensibility and simplicity of constmc- 
tion, so that in case of any mishap or error arising from the 
wear and tear of the respective parts, there may be nothing 
to correct, which any ordinary mechanic, or, if in the navy,. 
which the ship's armonrer, conld not easily manage. Un- 
less, therefore, it can be shown that snch complex arrange- 
ments are absolntely requisite, they are best avoided. No 
suflGlcient reason, for example, can be assigned for the 
employment of from three to five componnd magnetic bars 
of costly and difiicnlt constraction ; snpposing it were 
proved, from the evidence of experience, as well as theore- 
tically, that a single and simple bar-edged needle is even 
more than adeqnate to any reqnired practicai purpose. 
Besides this, there are some not nnreasonable objections to 
the nse of several bar-needles ; the similar poles, for ex- 
ample, tend to destroy each other's power (111) ; and if the 
magnets be not very accurately parallel, and carefdlly 
magnetized and placed, the cârd may be in error as to^ 
direction ; to avoid this, it is reqnisite to snit the cârd to 
the direction after the needles are applied. 

We may fnrther observe that it wonld be nnphilosophical 
to employ two cards of nneqnal weight, with especial pivots 
adapted to each cârd, and with a view to particular adjnst- 
ments xmder motion, and to the obtaining a steady compass 
by the aid of fiiction, provided all the advantages to bo 
derived from snch adjnstments conld be arrived at with 
one cârd, and by more simple and eflB.cient means ; it would 
also be quite superfluous to monnt a compass on two con- 
secutive pivots, as in Fig. 150, when one point of suspension 
is suflBcient. Such arrangements, therefore, however in- 
genious, are not desirable, unless absolntely reqnisite to the 
perfection of the instrument. It is to be remembered that^ 
in the construction of the mariner*s compass, the abstract 
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perfection we seek to obtain is tHe image of a sma.!) 
horîzontal circle duly gradnated, and divîded into thirty- | 
two rhnmbs or points, wHich, floating as it were in a fized 
position in space before tlie eye of the steersman, directs 
the gnidance of bis sliip. It is, in fact, the ship wliich ire 
mnst Bupposeto move intovarionspositions, nottliecompass; 
that Bhoald be so delîcately and sensibly bnng as to come 
as near tbe condition of tbis ideal aerial compass as maybe. 

306. Mariner*8 Oomjpass by the AutJior, — Impressed witii | 
these views, the author of this work was, in the year 1831, 
led to the construction of a particular form of marmer's 
compass, combining simplicity of construction with great 
sensibility and stability. The following is a brief notice of 
this instrument, as constructed by Messrs. Lilley, opticiane, 
Limehouse: — 

The needle consists of a light bar-edged magnet, firom 
6 to 7 inches in length, fumished with a central cap, as 
in fig. 14C. The bar is carefully worked, hardened and 
tempered thronghout ; and, previously to being magnetized, 
is accurately poised in a horizontal position (156).* Being 
thus poised, two small sliders of silver, weighingeach abont 
twenty grains, are fitted to the bar, so as to move upon it witb 
Mction. They are placed over a mark midway between its 
centre and extremities, the whole being perfectly poised ; 
the bar is now rendered magnetic, and in such a manner 
as to admit of the centre of the various magnetic curves 
(28) falling immediately on the point of suspension. The 
small magnetic dip incidental to the bar, is corrected by 
moving one of the silver sliders a little toward the centre, and 
the opposite slider a little toward the extremity. By this 
method, we have always what may be considered as the same 
quantity of magnetism, matter, and motion on each side tbe 
centre, since the difference in the angpilar inerţia of the silver 

♦ This instrument has become tbe property of Messrs. Lilley & Son 
opticians, West-India Docks, and is made with great care and perfection 
in the workmanship. 
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sliders is suflGlcieiitly small to be neglected ; the bar, tbere- 
fore, is so far deprived of any tendency to persevere in a state 
of movement from tbe motion of tbe ship. The magnetic 
force of tbis bar-needle, from tbe particular way in wbicb 
it is made, is so considerable as to lift at eitber pole tbree 
times its own weigbt of iron, and will produce, according to 
Scoresby's metbod of deflections (134), a deviation of 22° at 
a distance df twice its lengtb from the centre of tbe trial- 
needle. These bar-needles are nevertheless very ligbt. 

The needle as tbus constructed is attached to a very 
ligbt disc of talc, in a single piece, and on wbicb the reqni- 
eite poînts and graduations are conspicuously and clearly 
painted ; by wbicb means tbe presence of a paper surface 
is avoided. Tbe wbole is balanced in an east and west 
direction, that is, transversely to tbe direction of the needle 
by a ligbt cross-bar of brass, fumished with small sliders, in 
tbe way just described, 

Tbings being tbus arranged, the needle is suspended upon 
acentralpoint,c,fig.l51, p. ^.^ 

proceedingfromadouble 

curved bar a nh, fixed 
as a diameter to a dense 
ring of copper ach d, « 
and in such way as to 
admit of the poles of 
tbe magnetic needle a h 

moving just witbin tbe "***-. -•-''" 

ring, and so near tbe 

copper that tbe magneto-electrical action already explained 
(58, 60, 63) can sensibly restrain any oscillation to which 
tbe needle may become exposed. We tbus bring to bear 
upon the needle an invisible agency, wbicb, without offering 
any rude, common, mechanical impediment to motion, such 
as fidction, or in tbe least degree interfering with tbe sensi- 
bility or direction of tbe instrument, restrains as if by a 
magic bând its disturbed movement, and confines it, lika 

IC 
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the ideal cârd to wliich we liaye adyerted, in a giren posî- 
tion in space. 

807. The anthor has inyestigated* the magnetic condi- 
tions of this phenomenon, and has shown that the restrain- 
ng force with a magnet of a given power is as the qnantîiy 
of the copper within the sphere of action directly, and as 
the square of the distances from the magnetic polar ex-' 
tremity of the needle inversely (174, 175), the matter of the 
copper being supposed to be condensed into an indefînitety 
thin stratum, and taken at a mean distance from the pole 
of the bar at which the som of the forces maj be snpposed 
to produce the same effect as if exerted firom every part of 
the mass. The energy of a ring of copper in restraining 
the magnetic oscillation is therefore as its density. It was 
also further fonnd that with a given magnetic tension the 
restraining power of the copper no longer sensibljr increased 
with the thickness of the ring, and that hence the reqnired 
thickness was different for different needles. It is reqnisite, 
therefore, to have the poles of the bar as near as possible to 
the surface of the ring ; to give the copper the greatest 
possible density, accumulate it immediately about the poles 
of the needle, and give the ring a greater or less deg^ree of 
thickness suffîcient to exhaust, as it were, the magneto-elec- 
trical energy of the magnet to be employed. 

The ring and axis of suspension are accurately tnmed and 
centred in a lathe ; the axis of snpport c, fîg. 152, is pointed 
at each extremity, and admits of being reversed in posîtioii 
by tuming it over, and fixing it in the reverted direction; 
we have hence a spare point always at command. The cap, 
also, can he renewed when requisite. The points and oentres 
are nsually made of very hard mixed metal, which has been 
fonnd less liable to abrasion than agate and steel points, 

ThÎQgs being thus prepared, the whole is placed witiiin a 
cylindrical copper case, âtced above and below with plate- 

» * Phil. Ttans/ for 1831, p. 497. 



METHOD OF ILLUHINATIOir. 



^68 
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glass covera. As indicated in tte last fignre, tlie whole îs 
hnng in gimbalds, in the nsaal way (148). 

308. The cârd being beantifally transparent, a small 

qnantity of light placed beneath, and a little on one side of 

tbe compass, is snfficient to illuminate it at night. With 

this view, it is intended eitlier to fit the compass in the deck, • 

and light it from the cabins beneath, or otherwise in a 

binnacle of a very simple constmction, shown in the annexed 

fig. 152, especially adapted to its 

nse. This bumacle is of wood, and 

of an octagonal or cylindrical form, 

about two feet six inches high, the 

compass being hnng on its npper 

part, at c, About twenty inches 

beneath the compass, there is a plat- 

form d^ carrying two small spring 

candle-lamps, a, &, hnng on pivots in 

holes in the platform, one on each 

side ; one of these is snfficient for 

the pnrpose of illumination. The 

candles are eas'ily replaced withont 

disturbing the apparatus, they being 

previonsly secured in spare spring 

sockets, made to drop freely into the 

body of the lamp, which need not 

be taken out. There are some 

small holes round the compass at c, 

for ventilation, and a small door below, throngh which 
the reqnisite manipnlations are easily carried on. This 
method of illumination is extremely economical, clean, 
and efficient, and requires no trimming or att^ntion. It 
îs far superior to the common method with oil-lamps, 
which occasionally proves very troublesome, dirty, and in- 
convenient. 

309. When the cârd and needle are not in actual use, 
they are to be secured, in a soft iron keeper (10)^ as iddL. 

r2 
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cated in the annexed fig. 163, whicli represents the needie 

as resting in slits cnt for its 

Fig. 153. x: • X- r 

^ reception in two masses of 

sofb iron, formed at the ex- 
tremities of a soft iron bar 
a h ; this keeper is fixed in 
a shallow square box, -mtli 
a slîde cover. It is most important to the mariner to attond 
to the preservation of his compass in some snch way as this. 
Theinstrument, asusually stowed in the store-rooms on ship- 
board, is very liable to be ruined in varions ways, and ifcs 
polarity either greatly weakened or altogether destroyed 
(153). If the north pole of the needie be merely placed in 
opposition to its natural direction, and toward the south 
pole of the earth, that alone is suflficient to disturb and 
weaken its magnetic developraent (14, 101). 

310. It not being the anthor's object to dwell longer on 
this particular form of sea-compass than is reqnisite to the 
interests of navigation and scientific inqniry, any lengthened 
report of its operation, as observed in numerons instances, 
must necessarily be avoided: we may, however, observe 
that it has been extensively and very successfully em- 
ployed in the merchant nayy ; it has been also employed 
in the fleets of the Hononrable the East- India Company, 
in numerons ships of foreign powers, and in several of Her 
Majesty's ships ; and it appears, upon the whole evidence of 
experience in every class and kind of vessel, that there is no 
condition requisite to the full practicai perfection of the 
mariner' s compass which it does notsatisfy ; and considering 
the extreme perfection and beauty of the workmanship by 
the makers, its cost is comparatively small, it being about haif 
that of the Admiralty compass as commonly supplied to the 
ships of the navy. In the heavy seas about Cape Horn and 
the Cape of Good Hope, the cârd was not found to oscillate 
more than from :|^ to ^ a point each way. The only com- 
phint which have arisen, in a few instances, have been 
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Teferaible to abrasion of the a^te centre in eome of tho 
instniiaenta ârst mode, anaiog from. wear and tear of ihe 
poini of saspondon. The agates, in tbese casea, vrere 
examined, and fotmd defective ; all snch defecta Lave been 
aince removed. Tt may not be nnworthy of remark that 
this compass has proved especiaJly ateady in steam-sliips 
fitted with tte screw propeller. 

311. The application of magneto-electiric actîon as a 
means of eteadjÎDg the compaas in ita meridian ia of ain- 
gnlar importanee to the azimnth compass (150), where 
angular distances reqaire to be accnrately meaanred. An 
improved azimath compass, by Mesare. Lilley, has been 
produced, in which the needle, nailed, as it were, to ita 
meridian by the influence of a dense ring of copper, may be 
oonsidored as being withont anj oscillation. In thia instru- 
ment tbe margin of the cârd is gradnated to twenty minntes ; 
tbe plate-glass cover contains a metal centre; abont this 
centre tbe pivot of tbe apper part of the vei^e, carrying the 
aigbt-vane and prism (150), revolyes, leaving the compasa- 
bowl and ita contenta fixed, aa in the azimnth compass of 
the Admiralty committee ; i- i e 

all tbis part of the instru- 
ment, therefore, remains 
nnaffected : thia is of the 
ntmost importanee, eapeci- 
ally in iron sbipa. The 
Inbber-line in thia instru- 
ment, aa constmcted by 
MeBsrs. Lilley, is set on 
a delicate index, which acts 
as a stop -when tbe reading is being taken, and is always 
directed to the ship'a head. In the anneied fig. 154, M n 
represents the revolving part of the vei^e, which cau be 
tnmed about the centre c fiied in the glass plate beneath ; 
A, the body of the instrument, remaining fixed. 

312. It may not be nnimportant, before dismiasing the 
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consideratîon of magneto-electricity as a restraiiung forco 
in tbe distnrbed movement of tbe compass on ship-board, 
brîefly tx> notice a conclnsion arrived at by tbe compass corn* 
mittee of tbe Admiralty relatiye to the operation of tliis 
force, the qnestion being one of singular importance to the 
fdtnre interests of navigatios. The anthor had, six jears 
previonsly to the appointment of the committee in 1837, 
completely worked out all the great practicai deductions 
bearing on the application of magneto-electrical action in 
steadying the movements of the mariner's compass, and 
had shown how the magnetism of the needle itself mightbe 
made the means of restraining its own oscillations. The 
qnestions of thickness of metal, densiiy, and magnetic force 
had all been completely investigated by taking the magnetic 
vibrations within thin concentric circular laminee of copper 
tumed up in the form of rings.* It was easy to determine 
with a given magnet, and by means of the formula pre- 
vionsly deduced (66), the precise effect of any one of the 
concentric rings, both as to position and distance, or of 
any number of rings combined, or, by varying the mag- 
netic forco, the effect due to different degrees of magnetic 
power; in this way, it was proved that the magneto- 
electric energy, or restraining force, was as the magnetic 
intensity directly, and as the second powers of the distances 
inversely. The experimentalists of the compass committee, 
however, not having probably considered these facts, were 
led, upon an examination of the compass submitted by the 
author, to try the influence of a solid copper bowl, of a 
given thickness, on the magnetic oscillations, and then to 
cut away or turn down the bowl -^ of an inch at a time, so 
as repeatedly to reduce its substance ; examining as re- 
peatedly the magnetic oscillation at each reduction. The 
conclnsion arrived at by the committee was, that a thin 
howl of copper was as efficacious in restraining the magnetic 
vibration as a thickbowl', anA. ^ik«b\,\ifâîvG^^^ the magnetic 

* See • Phil. Txaua: ioT \%^\ , ^. '^^l ». 
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needle and cârd were enclosed in a copper compass-kettle 
the use of a copper ring condensed about the poles of the 
needle, as employed bj the anthor, wonld be snperseded. 
TJpon this yery hastj conclusion the committee proceededto 
act in the construction of the Admiralty compass. With 
respect to the experiment itself, it was anything but re- 
fined : perhaps it may be considered as somewhat clxunsy 
when compared with the method of concentric laminaa; for 
the force decreasing as the second powers of the distances 
inverselj, it was, after all, not likely that any great effect 
would resnlt from the distant parts of the bowl; the induced 
restraining force would be almost entirely, if not altogether, 
confined to that part of the copper bowl immediately opposed 
to the poles of the needle : the experiment, therefore, was 
most unnecessarily elaborate and costly. It is certainly 
possible that a magnet of a limited power, with its poles 
placed at a certain distance from the copper, might have all 
its magneto-electrical induction exhausted, as it were, by 
a certain thickness of copper, as the author had already 
shown. This, however, was only a limited or particular 
case of a great physical action, but which the committee 
failed to investigate in all its generality. Had the experi- 
mentalists tried other magnets, and allowed their poles to 
oscillate near the surface of the copper, they would not have 
come to the same conclusion. 

The experimentalists, however, had great confidence in 
their deduction; but they evidently fiiiled in producing any 
amount of tranquillizing power ; since, by the extract &om 
the work published nnder the sanction of the Board of 
Admiralty, already referred to (304), as also from various 
offîcial reports, the compass proved ' too imsteady for use 
under the heavy rolling motions of a ship of the line,' also 
in ' some steam-vessels ;' it hence became requisite to caU 
in the aid of friction by the employment of a heavy cârd, in 
order to curb the irregular movements.* The exţerimeu-t^ 
^ JohuBon on the < Deviatiou oi Vhfi OoTirg»BSi^ "^^ ^* 
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tberefore, by the compass committee was incomplete, and 
the deduction from it practically false : to obtain anything 
like a competent tranqnillizing power, it is absolntely reqni- 
site to employ a powerftd bar, and place the copper in a 
thick dense ring, immediately abont the poles of the needle. 
It is, in fact, notorions to all those acqnainted with the 
Admiralty compass, that little or no effect is produced by 
the inflnence of the thin copper bowl on the oscillations of 
the cârd. This snbject is nndonbtedly important, and is 
still open to much fnrther and beneficia! investigation. 
The most energetic metal has yet probably to be discovered. 
313. The Gorrvpass and Magnetic Obse)Datory. — Much 
benefit did nndonbtedly arise to the public service by the 
appointment and labours of the committee of inquiry into 
the state of the compass department of the navy, more 
especiallyin the establishment of a regular and well-ordered 
observatory at Woolwich, for examining and perfecting the 
corapasses intended to be employed in H.M.'s ships ; and it 
is to be regretted that a fuU report of the committee's pro- 
ceedings has never appeared. The observatory is placed in a 
suitable and well-selected position in the parish of Charlton, 
near Woolwich ; it has a convenient room,builfc of wood, apart 
from the rest of the establishment, especially prepared for 
experiments in magnetism and the examination of sea-com- 
passes, to which it is devoted. The method of testing a 
compass is as follows: — Three pedestals, s,c,n, fig. 155, are 
firmly fixed in the room, quite independent of the floor, in the 
line of the magnetic meridian. The south pedestal s carries 
a suspended magnet, which is observed by means of a transit 
telescope fixed on the centre pedestal c ; on the pedestal M 
is placed the compass to be examined. The collimating 
magnet s consists of a hollow steel cylinder, ^ an inch in 
diameter, and abont 6 inches in length, centrally suspended 
în an appropriate frame by a long silk fibre ; a small lens is 
fixed in the north end of the cylinder, and there is an ex- 
tremelyBne scale of 160 divisions traversing it horizontally. 
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and riglit across its centre. The transit on the central pilar c 
beîng duly adjnsted and directed in the axis of the colli- 
mating magnet, its scale is observed to vibrate across fine 
filaments of spider's web, fixed perpendicnlarly in the tube 



Fig. 15r>. 





of the telescope. The magnetic meridian being found by 
this means, the transit is tumed over, and directed toward 
the north, upon a mark painted on a distant wall on a 
rîsing gronnd, called Cox Moxmt; this mark corresponds to 
the line of the collimating magnet on pedestal s ; we thus 
transfer over, as it were, the line of the magnetic meridian 
as taken in the telescope upon the compass to be examined, 
and which is placed on the pedestal n. The needle and 
cârd being removed, the compass is so adjusted in position, 
by appropriate apparatus on which it rests, as to bring the 
point of suspension of the needle in the line of the tele- 
scope, and so as to bisect it; this done, the cârd is replaced, 
and its north pole is made also to coincide with the line of 
the telescope. 

For the adjustment of the azimuth compasses there are 
a set of graduated divisions painted on the distant] wall, 
and the vertical line of the telescope conveyed through 
the window so as to cut these divisions ; the prism is 
now adjusted for the zero point of the cârd, the hair-Hne 

of the sight-vane ( 150) being directed to the particular 

u3 
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diyisîon on the'wall cui bj tbe yertical line of the iele- 
scope.* 

The pivots, caps, and gîmbalds, and the metal of the 
compass-bowl, &c, are now carefiillj examined; also the 
magnetic power of the needles, whioh are tested hy a 
standard magnetometer of deviatîon (134) ; so that errors 
liable to arise in any particnlar instrument are certain to he 
detected. Attached to the Observatory is a mnsenm, eon- 
taining a collection of sea-compasses of yarions kinds, and 
also other magnetic instrumenta. 

314. The cârd of the marincr's compass is commonly 
estimated in terms of 32 points or rhumbs ;t it bas, how- 
eyer, been found desirable for more refined purposes to 
estimate the angular deyiation &om the line of the magnetic 
meridian in degrees and minutes, taken in reference either 
to the north or south pole of the cârd; thus, instead of 
the rhumb KE., we say N. 45° E. ; instead of S.S.W., we 
say S. 22° 30' W., and so on. The following, as a table of 
reference, may not be altogether superflous. 



Points 


Deg. 


Points 


Deg. 

/ 

90 


Points 


Deg. 



Fointe 


Deg. 


N. 


/ 




E. 


s. 


W. 


o / 

90 


N. by H. 


11 15 


E. by S. 


78 45 


S. byW. 


11 15 


W. by N. 


78 45 


N.N.B. 


22 30 


B.S.B. 


67 30 


S.S.W. 


22 30 


W.N.W. 


67 30 


N.B.byN. 


83 45 


S.E. by B. 


56 15 


S.W. by S. 


38 45 


N.W. byW. 


56 15 


N.E. 


45 


S.B. 


45 


S.W. 


45 


N.W. 


45 


N.E. byB. 


56 15 


S.B. by S. 


33 45 


S.W. by W. 


66 16 : 


N.W. byN. 


83 45 


E.N.E. 


67 30 


S.S.B. 


22 80 


, W.S.W. 


67 30 


N.N.W. 


22 SO 


E. by N. 


78 45 


S. by B. 


11 15 


' W.byS. 
1 W. 


78 46 


N. by W. 


11 15 


B. 


90 


South 





90 


North 






It is easy to observe here, from^the north or south line, 
or 0° O', either in the upper or under line of the table, the 



* Two of the plates of glass in the window are "vrorked perfectly plain, 
so that no error may arise in this operation. 

t The reader is requested to correct the following errors of the press 
in the table given p. 133, Parts I. and II. line 4, under E. read S.E. by 
E. ; line 3, under S. read S.S.W. ; line 4, under S. read S.W. by S. 
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degrees corresponding to any rlmmb taken eîther eaat or 
west of tlie meridian. Tlius we have for the rhumb E, by S. 
the expression S. 78° 45' E. ; for tbe rhumb W.N.W. we 
have the expression N. 67° 30' W. 

It has been fîirther found convenient, in some especial 
instances, to take the angxdar measnre from the north 
point only, all ronnd the circle and in an east direction. 
Thus we shonld haye for S.S.W. Ihe expression N. 202° 30^, 
for N. by W. we have N. 348° 45' ; it is further evident that 
we may represent in this way the position of any rhumb 
from either of the cardinal points N., E., S., W., taken as 
0° O' in each quadrant. Thus we may represent E.N.B. as 
B. 22° 30' northerly, taking B. as 0° O'. The method, how- 
ever, represented in the table just given is that commonly 
employed. 

315. Local Attraction, — ^By the term local attraction, as 
applied to a ship, we are to understand a certain distur- 
bance of the compass under the influence of the general 
mass of the vessel considered magnetically, in virtue of the 
iron which it contains. The amount of disturbance will 
materially depend on the direction of the ship's head in 
respect to the needle, by which the ship's position as a 
magnet is varied (191). It is now but too certain that 
errors of the compass thus produced have led to afflicting 
cases of shipwreck. "We owe the fîrst intelligible notice of 
the local attraction of a ship to Mr. Wales, F.R.S., who 
accompanied Captain Cook as the astronomer of his expe- 
ditions in 1772-3-4. Mr. Wales observed, in the English 
Ghannel, differences in the azimuth compass of 19° to 25°, 
and afberward similar discrepancies all the way from 
England to the Cape. The greatest westerly deviations 
occurred when the ship's head was between N. and E. 
He was hence led to express his conviction, * that varia- 
tions of the compass (149), observed with the ship's 
head in different positions, and even in difierent parts of 
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tîie stîp, wîll differ materially.** This was certainly the 
first notice of local attraction scientifîcally observed, and 
must not be confonnded with notices of the conunon action 
of iron on the compass mentioned by earlier nayigators.t 

316. In the year 1790, Mr. Downie, maşter of H.M.'s 
ship * Glory,' made an interesting report on this snbjectj in 
which he observes, * that in all latitudes, at any distance 
from the magnetic equator, the npper ends of iron bolts 
acqnire an opposite polarity to that of the latitade ' — ^an 
observation in accordance with MarcePs experiment in 1772 
(101) ; so that by indnction they may attract or repel the 
north end of the needle, according as the ship is on the 
north or sonth side of the eqnator, thereby cansing serions 
srrors in the compass. Admirai Murray and Captain 
Penrose, whilst cruising off the Nap of NorVvay, observed a 
point difierence in the direction of the compass when the 
ship's head was tnmed toward op from the land.J 

In 1801 and 1802, this important inqniry received fresh 
împnlse from Captain Flinders, who, in the conrse of his 
voyage of snrvey to New Holland, also observed differences 
în the magnetic needle, when no other canse was apparent 
than that of a difîerence of direction in the ship's head. 
When the ship's head was north or sonth, the needle was 
not inflnenced ; but when east or west, the difference in the 
direction of the compass was considerable. Captain Flin- 
ders conceives the magnetic force of the ship's iron to be 
concentrated into something like a focal point, nearly in 
the centre of the ship, having the polarity of the hemisphere 
in which the ship is placed.§ 

These important facts were, however, again lost sîght of, 
until Mr. Bains, maşter R.N"., published in 1817 a valuable 
little treatise on the variation of the compass ; soon after 

* Wales's and Bayly's * Observations on Cook's Voyages/ p. 49. 
t Sturm's • Maiiner's Magazine/ published 1684. Dampier, 1680. 
î Walker on 'Magnetism.' London, 1794. 
S *FM. Trans.' for 1806. 
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which, in 1819, Professor Barlow nndertook his capital 
conrse of experiments, with a view of computing and 
correcting thia sonrce of error. The qnestion of local 
attraction since this period has received abnndant and 
important verification from the labonrs of our celebrated 
navigators, Boss, Scoresby, Pany, Franklin, Fitzroy, King, 
and many others. 

317. The errors liable to arise in the reckoning of a ship's 
conrse may, from the local attraction of the ship, be of 
very serions amonnt. Let, for example, a, fig. 156, be a 
vessel close-hanled upon the larboard tack, the wind being 

Fig. 166. 




true north in the direction n c* Then, since she sails 



♦ In all square sails set upon a cross-yard, Fig. 156a. 

pointed to the wind, as represented in the 
annexed fig. I56a, the rope t, which confines 
the angle of the foot of the sail to windward, 
is called the tack ; and the rope 5, which holds 
in the opposite angle to leeward, is called the 
sheet; these terms apply to either rope, ac- 
cording as they become placed on the one side 
OP the other in respect of the wind. When the right-hand extremity b 
of the yard, as ookmg fopward from the stern, is pointed to the wind, 
the TeFsel is said to have the right hand of starboaid tacks on board. 
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within siz points of the wind, ber bead wîll be troe E.N.E.y 
so that her conrse, without anj other consîderatîoii, wotdd 
be upon tbe line c c. Supposing, bowever, tbat with tbe 
sbip's bead în tbis direction tbe local attraction causes tbe 
nortb pole N of tbe compass to deviate baLf a point west, 
and come into tbe line n c, tben tbe true direction E.N.E. 
will read on tbe cârd as E.N.E.^E., for tbe E. point will 
tben come np balf a point, and tbe cârd will be canted into 
tbe position n ce. In laying oS tbe conrse, tberefore, on 
a cbart, for tbe sbip's place, sbe wonld be reckoned as 
sailing on tbe line O M ; and instead of baving afber a giyen 
time arrived at tbe point c, sbe wonld be set down as being, 
say, at m, Suppose tbe yessel be now pnt on tbe opposito 
or starboard tack ; tben, being again trimmed witbin six 
points of tbe wind, ber bead would be really W.N.W., and 
sbe sails on tbe line c p, Snppose, boweyer, tbat in tbis 
direction of tbe sbip's bead, tbe local attraction now toms 
tbe compass-needle balf a point tbe otber way, tbat is, 
eastward, wbicb it maj, and tbe cârd is canted into posi- 
tion n c Wf tben tbe true direction W.N.W. would read on 
tbe cârd W.N.W.^W., since tbe west point would come 
up in a point;* and sbe would, in keeping tbe reckoning 
by compass, be taken as sailing in direction c t ; wbicb, laid 
off from tbe point w, wbere tbe sbip was supposed to liaye 
been tacked, would make ber supposed course m g ; so tbat, 
after a second giyen period of time, tbe rate of sailing 



OT to be on the starboard tack ; when the opposite or left extremi ty a is 
pointed to the wind, she is said to have the left-hand or larboard tack» 
on board, or to be on the larboard tack, now called the port tack. The 
angle which the axial line of the ship makes with the direction of the 
wind, 80 that the yard, when trimmed to the wind, may cause the sail 
to remain full and without shake, and propel the ship, is reckoned in 
points of the compass, and thus a sqnare-rigged ressel is said to be 
close-h&xileă when the axial line of the ship is brought within 6 points 

of tbe wind, Cutters mtb ioiQ ObU^ ai\. «^V\& t&&^ be made to sail 

within 4^ poiata of tbe wind, and exoaleav 
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being observed, slie would be snpposed to have arrived at 
some point q, whereas she would actually be at some point 
much fiirther northward — ^for example, at some point jp, 
Now, if so great a difference may arise upon a compara- 
tively small difference of balf a point of the compass, how 
great must be tbe error when the deviation becomes four 
times that amount ! It is therefore not at all surprising 
tbat very melancholy cases of shipwreck should bave so 
frequently arisen, without any apparent neglect on tbe 
part of tbe officers of tbe sbip. On tbe 26tb of Marcb, 
1803, H.M.'s sbip * ApoUo,* witb a convoy of seventy mer- 
cbant yessels, sailed out of Cork, and at 3 a.h. on tbe 2nd 
of April following, the frigate and forty sail of tbe convoy 
found tbemselves on shore on tbe coast of Portugal, 
bebeving at tbe time tbey were 180 miles westward of it. 
Tbe consequence was a most afflicting shipwreck. Anotber 
most remarkable instance is to be found in the wreck of 
H.M.'s fiigate * Tbetis,* whicb sailed from Rio tbe 4tb of 
December, 1830, having on board a million of dollars. Tbe 
ship's bead boing south-east by compass, tbey stood on 
untn tbe next moming, tbinking tbemselves clear of tbe 
land; and tbe wind coming free, tbey tacked, and set 
studding-sails. All at once, after a favourable run, tbey 
found tbe sbip against tbe perpendicular cliff of Cape Frio, 
tbe sbip running at nine knots. She went stem on to the 
rock in deep water ; of course tbe bowsprit and all tbe 
masts were carried overboard, and tbe sbip became a total 
wreck. 

318. Tbe greatest amount of disturbance bitberto ob- 
served in vessels built of wood does not appear in certain 
positions to bave far exceeded 20°, or about two points — 
still a very serious error in tbe course of a sbip. In iron 
vessels, bowever, the disturbance may be so great as to 
render the compass next to useless. In tbe steam-ship 
* Shanghai,''* driven by a screw propeUer, the deviation^ 
^ BeloDging to the PeniuBoias «qâ. OifisoLNjBX^T&c^KK^^ 
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wîth tho ehip's bead sonlh, as obserred by lailej, tunonnted 
in the biunacle compass to 171° 34/ W., beîng more than 
fifteen pointB. 

It is veiy difficult to determine all the different arrttagB' 
menta in polarity incidental to the iron of a Bhip, especiall; 
in ships of war and iron-biult stips, sinee every piece of 
iron in the ship may became magnetic by indnctiou (191), 
tbe polea varying as the ship torns into new directionB, and 
changing altogether with the hititade north or Bonth of the 
eqnator. The dietarbing effect on the compafis also wiU be 
different nnder different angles of inclinatian, aa Tvas com- 
pletely showu hy Captain Walkev, R.N., in a valnable set 
of experimenta on the ' Recmit,' an iron brig. We have 
hence a very intricate problem to solve. Fig. 157 re- 

Fig. IST. 




presents tho distortion of the compass in the ' Indns' — that is 
to say, the direction of the points reqnisite to a trne conrse- 
In thia figure the poaition of the regular points is inâîcated 
on tho onter cirole. 
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319. Methods of determînmg the JEffect of Local Attrac* 
Hon. — To ascertain the dis- Fig. 158. 

turbing eflfect of local attrac- 
tion on the compass,the ship 
must be placod in smooth ^ 
water in a slack tide, or in a 
basin, and must be so cir- 
cumstanced as to admit of 
being gradnally swnng and 
seciired in any direction on ^A 
the 32 points of the com- """"^/ 
pass by means of warps ^ 
mooring-bnoys, or anchors, | > 

as indicated in the annexed fXn 
fîg. 158. The vessel being Xjx^^; 
thns circnmstanced, a very 
distant object, jp, is to be selected, and its bearing taken 
from a convenient station, T, on shore, not liable to any 
magnetic disturbance. This bearing should be taken with 
a fine azimuth oompass, to be employed as a standard 
compass of observation, and fixed in a given place on 
board the ship. Suppose the bearing of the distant object 
Jp at the station t were N. 35° E. : having determined this, 
we substitute for the compass a theodolite, or the azimuth 
circle, and adjust it so that the distant object shall read oflf 
exactly the same bearing, N. 35° E. The compass is now 
transferred to the ship, and set upon a firm pillar, in the 
midship line of the quarter-deck, say at the point c : an 
observer now takes the bearing of the pillar t on shore, at 
the same instant that an observer at T on shore takes the 
bearing of the pillar c on board, which is done by signal. 
If the ship does not influence the compass, then it is clear 
that these reverse bearings will coincide in the same line 
Thus, if the pillar t bore due east from the ship, the pillar 
o would be due west from the shore. If this coincidence 
be not obtained, the difference is the local attraction of the 
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ship. If, for ezample, whilst the pillar o on board bore 
dne west from the shore, the pillar T bore froiu the ship 
east i north— that is, E. 5*» 37' 30"N.— then the local attrac- 
tion QÎ the ship, directed in the position in which she 
happened to be placed, wonld have been snch as to have 
drawn the north pole of the needle 5° 37' 30'' towards the 
east, and this wonld be the local attraction for that posi* 
tion of the ship. In this way, by bringing the ship's head 
snccessiyely npon each of the 32 rhnmbs, and taking what 
are called cross-bearings, we determine the local attraction 
or disturbance of the compass for each point of direction. 
This was the method fîrst pnrsned by Professor Barlow, 
and it is perhaps as perfect as any. 

320. The present method pnrsned in determining the 
local attraction of H.M.'s ships is somewhat difierent from 
this. The bearing of some very distant object, dy fig. 158, 
is first determined by the standard compass c &om the 
ship's deck, and for the ship's head directed npon each 
point of the compass ; the compass is now taken on shore 
to some convenient spot n, and the same distant point d 
bronght to coincide with the observer's eye and the pillar c, 
from which this bearing was taken on board, the ship 
being again swung snccessively npon the 32 points of the 
compass. K the ship had not distnrbed the compass, the 
bearings shonld coincide in the line n Q d; if not, the 
difference npon each point is the local attraction. If the 
object d be very distant, the bearings may be simply taken 
from the two stations C and n, withont inclnding the ship, 
and the difference set dpwn as the local attraction without 
any sensible error. 

321. Mr. R. Stebbing, of Sonthampton, has lately in- 
vented an extremely available and very valnable method of 
determining the local attraction of a ship, by which mnch 
labonr is avoided, and time saved. A centre-staff, t, fig. 
158, with a flag on it, is set np on some chosen place on 

sbore, and a segment, li, oî t\i© -maj^e^^^ cscw^a^ K^ of aboni» 
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100 feet radius, described &om tliis point as a centre ; long 
poles are then set np on this segment at each 5°, and other 
intermediate shorter poles on each single degree. The line 
T N of the magnetic meridian being careftiUj determined, 
the tme bearing of the centre-staff t, and its intersection 
with either of the poles of the segment A, are given ; with 
a view to an easy distînction, the poles are either colonred 
difierently or carry small distingnishing flags. The ob- 
server on board at o has now only to take notice what 
degree the centre-staff t cuts upon the circle h beyond it, 
and that is the tme bearing ; the difference as observed by 
the compass is the local attraction. 

322. Meana of Gorrectmg Local Attraction. — The means 
of correcting the compass for local attraction, at present 
resorted to, are of the foUowing kind : — 1. By determining 
a table of errors. 2. By a compass-card distorted so as to 
suit the particular ship (318). 3. By the introduction of 
new forces of disturbance, such as will either make known 
or compensate the disturbing force of the ship. 

323. Gorrection hy a Table of Errors, — This method of 
correction is evidently the fîrst, as it is perhaps the safest, 
measure we can adopt, and is in all cases indispensable. 
The ship being swung in the way just described (319), the 
deviations corresponding to the direction of the ship's head 
are entered in colunms of a table opposite each point of the 
compass, and the correction in steering a particular course 
applied. Suppose we required to make good a due E.N.E. 
course, and that, with the ship's head in that direction, the 
table informs us that bhe north pole of the needle is drawn 
by the local attraction of the ship 6° 37' toward the west, 
our course then must be E.N.E.^ E. nearly, for that would 
in fact be the direction shown by the cârd when the ship's 
head was in that direction (317). 

324. In effecting a corrected course practically by a table 
of errors, it will be useful to possess what maybe termed an 
indicator, by which the course tobe ateet^âiXs^ ^^ ^Vaja^ast^ 
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compaas, in ordei* to mako good anj* required trae magnetic 
conrse, may be fonnd mechanically bj inapection. 

TluH naefiil inatmmeiit may 
consist of a neat plfuie of 
wooâ âg. 159, aboab ten 
incheB Bqnare, covered with 
' fine paper, and liaving tite 
thiiij.two rhnmb-lineB l^d 
off on it, OB given in the 
fignre; a moreable compaas- 
- card,me8w,Î8oentrallyplaceâ 
on the board, so ae to revolv» 
round a central pin, c . Tf ow it 
ia clear that, taking tbe fixei} 
magnetic lines as tlie tme lines, we may, by brin^ng any 
deviation foi* the north pole n of the cârd to eitber of tbese 1 
giveo fîxed lines, inmiediately determine the conrse by the i 
standard compaas, corresponding to the given conrse. Snp- \ 
pose, for example, we required. to effect a N.E. conrse, and 
that in tuming to onr table of errors we fonnd that, with the 
ahip'a head in that direction, there was an error of a pointia 
easterly deviation of tbe oompass. In snch case, place the 
nortb pole n of the cârd ao as to correapond with the N, by B. 
fixed magnetic line — that îs to aay,move it eaatward 11° 15'; . 
this wouid then be the actnal direction of the cârd of onr ■ 
standard compasa in respect of the tme magnetic liueSiwitli 
the ship'a head at N.E., and would hence bring tbe N.E. 
by N, pyint of the m.oveabl6 cârd npon the fixed N.E. line, 
which ahows that, to effect a tme magnetic N.E, conrBe, 
we mnst steerN.E. by N. by the standard compass. 

We may, ina similar way, find the actual direction of tbe 
ship'a head correspondîng to a gîven conrse by the standard 
oompaaa. Snppose, for example, the conrse by standard com- 
pass wasW.M'.W., and that, with the ahîp's head in that direc- 
iion, the needIedeYiatedbaiţa-ţavnIţ.'SToa't, şefe the moveable 
Oflrd to the deTi»tioii'byta)jrâiv6'iSMTioi:^-ţ<^uSft'âas,>& 
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Land, half a point, whicli will bring tlie N.N. W. line of the 
moveable card to N.N.W.^W. of the fixed chart, which 
'will be the actual direction of the ship's head when 
fiteering N.N.W. by the standard compass. These are 
selected as illustrations of more complicated cases. 

325. Correctimi hy Distorted Gard, — The ship beîng 
swung upon the different points of the compass, a card is 
marked off, such as on trial will correspond with the tme 
magnetic direction of the ship's head, as shown (318) in 
fig. 167, and by which the ship is to be steered. . This 
method has been found very available and satisfactory ; the 
objections are, that the irregular distances of the points 
of the compass confnse the helmsman, especially in 
fiteering J and \ points, and that it is almost impossible 
to take an accurate bearing with such a card. Captain 
Sparkes, however, who has lately obtained a patent for a 
card of this kind, has ingeniously applied a divided circle to 
the verge of the compass, by which, when set to the course 
steered, any bearing may be taken. The idea of a corrected 
card appears to have beenalso suggested by Captain Milne, 
R.IT., in an interesting paper on the subject of local attrac- 
tion, so long since as the year 1832. 

326. Gorredion hy Gomjpensating Disturhing Forces — Bar» 
l(yw*8 Plate. — ^We are indebted to Professor Barlow for the 
first attempt ever made to correct the local attraction of a 
ship by a mass of iron placed in the vicinity of the com- 
pass, so as to introduce into the system a new disturbing 
force, which, acting at a given point, would produce the 
same eflfect on the needle as that of the iron of the vessel. 
In order to understand clearly this kind of correction, we 
must obserre, that all the laws which Professor Barlow 
had determined in his researches conceming the operation 
of regular masses of iron on the needle he found to 
obtain for irregular masses, whether as a system under 
the form of detached masses, as in a shi^, oii \m&sît "ots^^ 
irregnlar form. In. all cases a close aYşto^'ccl'a»^â^J3^^ *^^^ 
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acidon of the şystem on the needle is arrîyed at, on ihe 
snppositîon that the force proceeds from two ceutres inde- 
finitely near eacli otlier in the general centre of attraction 
of the mass, and that in iron bodies the magnetic force is 
confined to their snrface. 

From the first of these principles, confirmed by snbse- 
qnent experiment, we may infer that the centre of action of 
all the iron of a ship, and the ideal line joining tbis centre 
with the centre of the needle, would be constant in all parts 
of the world ; by the second we infer that a mere plate of 
iron may be 80 placed in this line as to produce an action 
on the needle eqnal to that of the ship ; so that the distarb- 
ance produced by the plate being fonnd experimentally, the 
disturbance dne to the ship wonld be known. This prin- 
cipie was first employed by Professor Barlow in the foUow- 
ing way : — The deviations of the compass being determined 
as before, the compass is taken on shore to a giyen 
station, T, ^g. 158, and there placed on a cubical box or 

case, G, ^g. 160, moveable on a vertical 
■"S- 160. g^^-g jj^^Q g^j^y ^^imuth (^.^d), ^ circulaT 

double disc of iron, p, composed of two thin 
plates of iron, fixed parallel to each other 

3p on an horizontal axis, P, with intervening 
• wood, and termed a compensator or correcfc- 
ing plate, is then applied at some point 
determinable by experiment at the side of 
•*"^^^^ the case, so as to project from it, and at 

spme given distance in respect of the com- 
pass ; the whole is now swung into various azimuths, 
and the disturbance of the plate p observed in each, 
as before done in respect of the ship ; by a very few trials, 
such a position of the plate can be found as will canse it 
to^produce precisely the same disturbances as those observed 
în the fihip. The plate being capable of adjustment on the 
axis p as to distance "hoTÎzoutaXVy, «jcA otl \ÎCi.^ ssa^^ <^ as to 
beight vertîcally, tbe position oi^i^i^ cRraîuc^ ^iH5«v^-^^aî«kV'«. 
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now carefiilly marked, and the compass replaced in tlie sHp. 
If the plate be nowapplied as before, then, as is evident, the 
amonnt of disturbance will be twice as great; since tbe 
compass will not only deviate by tbe action of the ship, but 
also by the action of the plate. It is this donble disturb- 
ance, however, which fumishes the required correciion, 
because the new disturbance caused by the plate is exactly 
equal to the existing disturbance of the local attraction. 
Thus, supposing, the ship's head being N.E., the variation 
(149) as taken with the azimuth compass to be, without the 
plate, 22° 30' W., and taken with the plate 29° 27' W. ; 
then the difference 6° 67' W. is due to the plate ; but this, 
as we have seen, is exactly equal to the iron of the ship. 
We must, therefore, to obtain the true variation, apply this 
correction to our first observation, which will make it 
15° 33' W. ; and to make a true N.B. course by the com- 
pass, we must steer N.E.|E. — that is, N.E. 6° 67' E., the 
quantity by which the iron of the ship has drawn the north 
pole of the needle west, as shown by the plate. 

327. Balance of Errors hy Barlow^s Plate, — Since the 
correcting plate P, fig. 160, cian double the disturbance 
when placed in a given position in respect of the compass, 
we may infer that, by changing its position, an opposite 
point may be found in which the plate would exactly 
balance the local attraction by a disturbance in an opposite 
direction ; and such is found to be the case, or at least 
approximately. In applying the plate to the standard 
compass, either with this or the preceding view, the 
several bearings for each point must be examined, when 
two opposite points' will be commonly found in which 
the bearings nearly coincide ; the mean of these must be 
taken as indicating a line of neutraUty in the ship; the 
direction of the line must be noted, and in some point of 
this line the compensator must be ultimately fixed. To 
determine its exact position, ProfeaaoT "B^tYqtw >a»î^ ^icc^s^iro^ 
np a general table of local attractioTia, cota^^^'^^^ ^^ "V^"^ 
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Fig. 161. 



sible limits of disturbance for everj class of sailing-ship 
in the royal navy built of wood, in wliicb. are fonnd the 
limits of distnrbance applicable io tbe given yessel ; oppo- 
site these limits are two nnmbers, one representing tbe 
distance of tbe centre of tbe plate below tbe pivot of tbe 
needle, and tbe otber its distance from tbe plnmb-line or 
vertical passing tbrougb tbe pivot of tbe needle. At tbis 
deptb and distance in tbe line of no attraction, and abaft 
tbe compass, tbe compensator will balance all tbe distnrb- 
ance arising from tbe iron of tbe sbip, so tbat on swinging 
tbe sbip tbe needle will be fonnd witbout error. 

328. Tbis metbod of correcting tbe compass for local 
attraction, if not absolutely perfect, bas proved eminently 
sncceEsful in practice ; and wby it bas been discontinned 
in tbe royal navy, witbout fdrtber investigation, it is diffi- 
cult to say: its great importance may be inferred from tbe 

annexed diagram, fig. 161, wbich 
represents tbe true and calculated 
conrses of H.M.'s sbip * Griper,* 
between tbe 25tb and 26tb May, 
1823, as laid off from tbe sbip's 
log. In tbis diagram, n denotes 
tbe sbip's place at noon by astw)- 
nomical observation, 25tb May; 
^ and n tbe place of tbe sbip at 
noon, also by astronomical obser- 
vation on tbe next day, 26th 
May. According to ber calcu- 
lated place by tbe uncorrected 
compass, sbe would bave been found at a, but by tbe com- 
pensated compass at h, very near ber true place, maJdng 
a difference of 35 miles of latitude, suficient to bave ebip- 
wrecked tbe vessel. 
329. Oorrection hy Magnets, — Some important practicai 
observationa baving in IB^^ "beeiTi TciaAa \y5 ^\bî^^. îobnson 
ou an iron steam-sliip, tl^e 'Gtatrj O^ei^ i^oia. ■^^âssăcL*-^ 
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appeared ihat the sliîp operated npon a compass-needle 
placed outside the ship, after the manner of a permanent 
magnet, the Astronomer-Royal, Professor Airy, was led, 
în July, 1838, to undertake an extensive experimental and 
analytical investigation of the whole snbject, with a view 
to discover snch general laws of the magnetic distnrbanco 
in iron ships as would enable him to correct the local 
attraction. This fine physical and mathematical inqnirj 
will be fonnd in the * Transactions of the Royal Society ' 
for 1839. It wonld be impossible, however, within the 
limits of 80 nnpretending a work as this, to do full jnstice 
to Professor Airy's capital paper ; we can only hope, there- 
fore, to treat it in snch a general way as may apply to the 
qnestion before ns. 

Whatever be the nnmber or direction of the magnetic 
bodies in a ship, the effects on the compass may be resolved 
into three forces — one directed to the ship's head, one 
toward the starboard side, and one directed downward ver- 
tically. If we represent the effects which depend solely on 
the arrangement of the ship's iron by two constants p and n 
(that is to say, forces which do not change, and which may 
here be determiaed, and which become the mnltipliers or 
coefficients of certaîn nnknown quantities) the one, p, b^ing 
a coefficient npon which the force transverse to the keel 
depends, and the other, n, a coefficient npon which an 
indnced force, similar to that of permanent magnetism, 
depends ; and if the arrangement of the iron be symmetrical 
with respect to the keel, and the compass placed in the 
middle of the breadth, then taking the deyiation of the 
north end of the needle in an east direction, it may be 
represented byp xsin2A + NX tan ^ x sin A ; in which 
A is the azimnth of the ship's head reckoned eastward, and 
3= the dip. Shonld the general mass of the iron be at 
the same height as the compass, or shonld different masses 
of eqnal magnitndes constitnting the iron of the sMq \\a?ţ^ 
eqnaJ elevaidona and depressioiia m o^^oe^ ^^cecQ:^^^^c^^ 

8 
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then the constant k will vanish. The constant p will 
vanîsh when the general mass of the iron is below the 
compass, or when eqnal masses are 90^ distant, as seen 
from the compass. 

In the application of Barlow's plate, Professor Airy con- 
ceives that it only nentralizes the term dependent on n, but 
notthat dependent on p. To obtaîn a perfect compensation, 
we must place another plate at the elevation of the compass 
in an azimnth of 90°, either to the right or the left of the 
first plate as commonly applied ; in this case P will be also 
compensated. 

Besides these coefficients p and N, we have a third also to 
consider as deperding on the absolute diminution of the 
directive force in a north and south line, and which we may 
caii M ; this term is greatest when the iron mass is above or 
below the compass, and least when at the level of the 
-compass. 

The forces to be considered, according to the results of 
his inquiry, estimated by their action on the north pole of 
the needle, are four; viz. the force of terrestrial magnetism 
towards the north = unity; permanent magnetism in direc- 
tion of the ship's head; permanent magnetism to starboard 
«ide ; induced magnetism to the starboard side. This last 
force may be resolved into induced magnetism toward the 
north, represented by — M + P x cos A ; and induced mag- 
netism toward the east, represented by P x sin 2 a.* By 
far the most considerable of the disturbing forces are those 
dependent on permanent magnetism : these were not found 
to change in whatever position the ship was swung. The 
induced forces appear to be comparatively small. 

The horizontal intensity in the ship direcfced in the line 
of the compass, as also the terrestrial intensity on shore 

* The induced force we have called n is omitted herc, bcing intricately 
combined with the permanent magnetism in the direction of the ship's 
head ; the force m also, not producing any efîect in an east and west 
direction, is omitted. 
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iakenssl, is determîned by the needle of oscillation ; the 
sHp being swung into different positions. 

Professor Airy baving brongbt the various forces of dis- 
tnrbance under tbe dominion of theory and calculation, 
proceeds to destroy them by tbe introdnetion of other and 
opposite disturbing forces. 

Tbe longitudinal and transverse forces may be ooirected 
by the action of a single magnet placed at a given distance 
below the compass, with its poles so directed as to draw the 
north end of the needle toward the ship's head and starboard 
side ; or otherwise by two distinct magnets, which is mnch 
more convenient. The induced force toward the east, or 
p X sin 2 a, may be corrected by placing a mass of iron on 
a level with the compass, either on the starboard or port 
side ; with these correctors duly applied, the compass was 
fonnd free from distnrbance. 

The only chance of error in this correction is the nn- 
certaîn value of the induced force N, and its variable 
character in diflferent latitudes ; there is, however, every 
reason to suppose that it is extremely small, and may, in 
certain dispositions of the iron of the ship, yanish altogether, 
80 that the correction for one latitude may, without sensible 
error, be used in all latitudes. 

The correction of the compass then, in iron ships, be- 
comes reduced to the compensation of force of permanent 
magnetism toward the head ; of permanent magnetism to- 
ward the starboard side ; and tho term depending on p, the 
effect of which in an easterly direction is represented by 
pxsin 2 A; omitting N as being small, and M because it 
does not disturb the compass. 

330. The practicai method of effecting these corrections is 
to swîng the ship as before upon the cardinal points, then, by 
means of two magnets and a mass of iron, to correct the 
distnrbances. The magnets are placed by tiîal upon some 
point in one of two lines carefally determined, one pa- 
rallel to the keel, the other at right angles to the keel j 

82 
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these lines are either traced on the deck, or on the ceiling 
below the deck timbers. Kthe sbip's head be north or soutb^ 
and the ti*aiisverse magnet be shifted hy trial nntil the corn- 
pass points correctly, it will be certain then that the force to 
or from the stai*board side is compensated. Similarly, if the 
ship be swung east or west, the longitudinal magnet is 
shifted nntil the compass again points correctly ; the force 
to or from the head is now compensated. To correct the 
force represented by p x sin 2 a, the ship mnst be swnng 
into the intermediate points N.E., N.W., &c., and tbe com- 
pass made to point correctly bymeans of a mass of iron ; an 
iron chain, for example, placed by trial, either on the port 
or starboard side. 

As it is requisite in this operation to correct the compass 
simnltaneonsly with the observation of the deviation, the 
very ingenious method pnrsued by Mr. Stebbing, of Sonth- 
ampton (321), is of the greatest yalne in this case. 

Some vessels are more easily managed than others. The 
compasses in one vessel may reqnire a single magnet only ; 
others reqnire two, with the addition of a box of iron chain. 
The * Bipon ' has two magnets and chain for each compass. 
The * Pottinger ' had a single magnet only, aided by a chain. 
The * Ariers ' compass was corrected by one magnet only, 
withont any anxiliary aid.* 

331. Many objections have been raised, as may be easily 
imagined, to these methods of compensating the forces, dis- 
tnrbing the compass by the introdnction of other distnrbing 
forces — snch as the liability of the relations of the magnetic 
forces to change with change of place and with time ; the 
inflnence of cbanges of temperatnre on the correcting mag- 
nets, as also the liability of the magnets themsel^es to vary 
in power. Such objections are of conrse inseparable from 
this kind of investigation, and we can only determine 
their validity by experience. So far as experience extends, 
it cannot be denied that the compass, as corrected in 

* * Artizan* fot A-ugoat 1850. 
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iron ships bj Professor Airy's method, has, upon the 
whole, acted remarkably well. The commanders of the iron 
sliîps * Sultan,' *Pottinger,' 'Harbinger,' and many other 
large steam-sbips, report most favonrably of tbe eflB.ciency 
of tbeir compasses thns corrected. The latter vessel, cor- 
rected by Lilley, has been in a sonthem latitude, with- 
ont finding any material change in the balance of the 
forces. We cannot certainly consider the question to be 
so definitely determined as to render all fiirther observation 
nnnecessary ; it is very important, as stated by Professor 
Airy, to snbject the vessel from time to time to ftirther 
examination, and carefally note all the changes which are 
liable to occur. There is little donbt but that compasses 
eorrected by permanent magnets are affected by time and 
by geographical position, but sfcill not to snch an extent as is 
likely to lead to any very sensible error, or an error which 
may not be provided against. Some very interesting re- 
marks by Mr. J. R. Stebbing, on this important question, 
will be foxmd in the * Artizan ' for August 1850. Mr. 
Stebbing conceives that * the practicai difficulţy of correct- 
ing compasses for iron ships is overcome, and that such 
ships are as safely navigable as ships built of wood.' 
Messrs. Lilley also, who have corrected the compasses of 
more than fifty iron ships by permanent magnets, and by 
a method of observation of their own not generally known, 
also report confidently on the efficiency and safety of the 
principie deduced by the Astronomer-Royal. 

Ships, however, destined for long voyages, should still 
depend materially on a table of errors, registered for a 
fitandard compass, whatever other method of correction of 
the compass be resorted to. Corrected cards are decidedly 
nsefal, especially in iron ships, and may be employed with 
advantage in conjunction with other means to determine 
the true magnetic course. 

332. The following are a few important facts as deduced 
fcy Mr. Stebbing, from his experience of iron ships : — 
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1. A compass znay be very tme on one or several points, 
and greatly dîstnrbed on otbers. 2. The errors in one slup 
are no gnide to tlie errors of another. 8. The errors are 
least toward the mîddle of the vessel. 4. Every iron ship 
îs a magnet in itself : some have the north pole afb, and 
some the south. The magnetic axis is fireqnently deter- 
mined diagonally throngh the ship. 5. There are in all 
iron ships two points, either opposite or nearly so, at which 
there is no error; there are other two points where the 
error is the greatest. An error wiU not sometimes alter 
8 degrees in a range of 5 points, and then change 80 degrees 
in the next 6 points. 6. The deviation is always an accu- 
mnlating error or the reverse: it runs, 1, 3, 7, 12, 17, 26, 
80, 32, 33, 31, 28, 24, 20, 17, 13, 9, 6, 3, O ; but never, for 
example, thns — 3, 7, 4, 10, 8, &c, 

[333. The late Rev. Dr. Scoresby devoted mnch study to 
the variation of the compass in iron vessels.* He condemns 
the adJTistment of the compasses by permanent magnets, 
and considers that in consequence of the percitssive action 
to which the material is exposed while the ships are in 
course of construction, it becomes as intensely magnetic as 
it is possible for malleable iron to become. This augmented 
magnetism is not, however, permanent or fixed ; but, under 
different circumstances as to the relative deviation of the 
ship's magnetism and that of the earth, is easily change- 
able, and liable necessarily to be changed. As the result 
of his experiments, he considers that he has established the 
fact that, besides the two denominations of magnetism 
usually received, that, viz., of simple terrestrial induction, 
and that of permanent independent magnetism, there is 
another denomination corresponding with neither, not being 
absolutely controllable like the former by terrestrial influ- 
ences, nor capable, like the latter, of resisting all kinds and 

* Vide *Magnetical Investigations/ yoI. ii.; also 'Reports of the 
Proceedings of the British Association at Oxford in 1847 and at liver- 
poolin 1854,' 
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modes of mechanical violence. To this denominatîon he 
gaye the name of retentive magnetism. 

The yibratîon of a ship in a heavy sea is snfficient io 
change the original magnetism developed and angmented 
in the conrse of her construction. A great deal will depend 
on the position in which the ship has been built. K, for 
instance, she has been bnilt with her head to the N.E., she 
■will have a certain magnetic distribution ; bnt when she 
begins to străin with her head to the S.W., that distribu- 
tion will become changed, and the first eflfect will be to 
alter the compasses adjusted by fixed magnets. AU attempts, 
therefore, to adjnst a transient influence by a permanent 
one only aggravate the error which it is sought to over- 
come, and Captains of ships should lose no opportunity of 
correcting and verifying their compasses whenever the sun 
or a star is in sight. 

334. The Astronomer Royal (* Athenseum,' Oct. 28, 1854) 
objects to the term * retentive ' or * retained ' magnetism, as 
representing the magnetism of wronght-iron plates, which 
he thinks differs very little from the magnetism of hard 
steel bars. Both are magnetized by induction, and both 
are liable to have their magnetism weakened or reversed ; 
bnt as in practice the magnetism of an iron ship is slightly 
more liable to change than that of a carefuUy preserved 
steel bar, he would caii it * sub-permcmeni polar,* Mr. 
Airy considers that the striking character of Dr. Scoresby's 
experiments are calculated to produce an impression of 
their applicability to iron ships, far greater than is war- 
ranted by carefiil consideration, and that the shock which 
a ship receives from the waves are of a character, as regards 
their magnetic effect on the iron of the ship, very different 
from the raps or slaps in Dr. Scoresby's experiments, in 
which it is essential that the blow be of the nature of 
impact, occupying a very sniall fraction of a second of time. 

The change to be expected in a ship's sub-permanent mag* 
netism, in sailing from England to the Cape of GU>od Hope^ 
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does not essentdally depend on her passing into anoiher 
magnetic hemisphere. It does depend mainly on this cir- 
cumstance, that supposîng her to have been built with her 
head to the north, or in the line of horeai magnetism, she 
is then tumed with her head to the south, or in the line of 
atistral magnetism, and is so kept exposed to slight tremors 
for one or more months. lî she had been moored off the 
coast of Fortngal for the same time in the same position, 
and exposed to the same tremors, Mr. Airj- believes that 
her magnetism wonld have nndergone nearly the same 
change (as regards horizontal deviation of the compass) as 
in the voyage to the Cape of Qooă Hope. 

There are two sources of error to which Mr. Airy's 
method of correcting compasses may be liable, if due care 
is not exercised. The first is, that captains are hardly 
aware that a very trifling distarbance in the position of the 
compass (for instance, a change of a qnarter of an inch in 
the height) may very greatly disturb the neutralizing in- 
flnence of the magnets. The second is, that the artista who 
correct the compasses are too mnch inclined to place the 
correcting magnets in the position called * end on.' In 
this position the magnet exerts greater deflective power, but 
it also introduces a force perpendicular to the ship's deck, 
and this force, when the ship reels, produces an uncorrected 
horizontal disturbance. While the building in iron was 
principally confined to paddle steam-ships, this was not 
important, but now, when so many screw steam-ships and 
sailing ships are built of iron, this arrangement ought 
never to be used. 

335. In a subsequent communication * to the Royal So- 
ciety, the Astronomer-Royal strongly condemns any system 

* * Discussion of the Observed Deviations of the Compass in several 

ShipB, Trood-built and iron-buiit, with a General Table for facilitating 

the Examin&tion of Compass DeTiaUoTiB* \i^ G. B. Airy, Esq., Astrono- 

^er Royal 'Phil. Trans.* for lB56,ţaitl. k\i9^Tws\.Vsi^^T»^ţi^iMi%^^i 

tbe Eoyal Society; voi. xii. p. 491. 
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of navigatîng a sliip by forming a table of compass deviations 
from observations at one place, and nsîng that table nntil 
observations liave been obtained at some otber place. It 
does not in the smallest degree guard agaînst tbe effect 
of cbange in the ship's snb-permanent magnetism, and it 
introduces errors whicli are purely gratuitons, and un- 
necessary, and whicli are entirely avoided if the compass îs 
corrected by magnets and soft iron. 

In elncidation of the amoxmt of errors that may be 
introduced, if from any canse this system is carried to 
extremes, he remarks that, in the instance of the ship 
* Trident,' saLIing from the Thames to Rio Janeiro, the 
table of compass-deviations formed in the Thames would 
have been erroneous when the ship arrived at B»io Janeiro ; 
that in one course the error wonld have been 6° or 7° in 
one direction, and on another course it would have been 
8° or 9° in the opposite direction ; yet during this voyage, 
the ship's sub-permanent magnetism had not changed at 
all ; and if the compasses had been corrected in the Thames 
by magnets and sofb iron, there would not have been an 
error of a single degree in any part of the voyage. In 
other cases, where there was a real change of sub-permanent 
magnetism, the error would have been fiilly doubled by 
carrying on the original table of observed compass de- 
viations. 

At the end of this communication Mr. Airy gives a table 
of polar-magnet deviations. It is a table of double entry, 
one of the arguments being the azimuth of the ship's head 
from the neutral point, the other argument being the 
modulus or proportion of the polar-magnetic force to the 
terrestrial horizontal force. The azimuth is expressed in 
points and decimals of a point, and is given for every Op'1 
from Op'O to 16p*0 ; the second half of the circle being a 
repetition of the first, but with Bign. cha.ii^'&d.. TV^'^ Tc^^^^o^csis. 
28 given for every O'Ol from 0*00 to 0"%^ . 'l^^'b ^csrt^'s^eaoăi.- 
Ing deviations are given in degree» «bTi^TCLVo^ate^. ^^"^ ^''^ 

8 d 
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modnlns there is also given the mean of all tlie deviations 
in the semi-circninference for tliat modalns ; by nse of which, 
in comparison with the mean in any given instance, the 
modnlns in that instance is discovered. 

836. The general principles of practicai import which 
resnlt from an elaborate investigation, which was made the 
snbject of a commnnication to the Royal Society by Mr. 
Evans,* 1, as regards the best direction with reference to the 
magnetic meridian for the keel and head of an iron ship to be 
placed in bnilding to insnre the least compass distnrbance ; 
2, the best position and arrangement for a compass to 
insnre small deviations and permanency, on changes of 
geographic position; and 3, the changes to which the 
compass is liable from various canses on the foregoing con- 
ditions being fulfilled, are : — 

1. For the best direction in bnilding ; it is shown that, 
fi^m the natnre of the polarity of the hnll, and especially 
of the top sides in the after section of the ship and adjoin- 
ing the compass, where nsnally placed, the latter is least 
affected in those vessels built in the line of the magnetic 
meridian. 

2. For iron steam- vessels engaged in the home or foreign 
trades in the northem hemisphere, it is recommended, 
from the then antagonistic magnetic inflnence of the hnll 
and the machinery, to built them head to the north ; for 
iron sailing vessels — ^from the top sides, in the nsnal position 
of the compass, being magnetically weak if bnilt head to the 
sonth ; the latter direction is to be preferred. 

3. The selection for the position of the compass depends 
on the direction of the ship dnring building ; in those bnilt 

* * Eeduction and Discussion of the Deviations of the Compass ob- 

serred on board of all the Iron-built Ships, and a Selection of the "Wood- 

bnilt Sbipa in Her Majesty'a "Navy, and the Iron Steam-ship " Great 

£asterD," being a Report to the B.3CLXogra."^\i«t ţA >sîsva kândţalty,* by 

Frederick J. Evans, Esq., Maşter "R.'S., ^\i^Tm\A\Awi\. ^i ^^^^to.^»» 

JDepaHment of Her Majesty's Tloya\^«vy . * ^VaV.'Yt^^^: \%^^,>^%, 
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head to north, it must be removed as far from the stern as 
convenience will permit ; in those bnilt head to the soutfa, 
as near to the stern as convenient, but avoiding especiallj, 
in all cases, proxinuty to vertical masses of iron. In ships 
bnilt bead east or west, there is little cboice of position ; 
in ihose bnilt on tbe intercardinal points, a position ap- 
proximating to the stern, when the action from the top 
sidfis (to be determined experimentally) is to be preferred. 

Ample elevation above the deck, and exact position in 
the middle line of the ship, are primary conditions to be 
observed; and no compass shonld be nearer iron deck 
beams than 4 feet. As every piece of iron not forming 
a part of^ or hammered in the fabrication of the hnll, snch 
as [mdder, fîmnel, fastening of deck-honses, &c., is of a 
magnetic character differing from the hnll of the ship, 
proximity to any snch shonld be avoided, and as far as 
possible the compass shonld be so placed that they may 
act as correctors of the general magnetism of the huli. 

As most compasses are affected by the magnetism of the 
ship to an amonnt depending on their elevation and the 
direction of the ship in bnilding, the disturbances will be 
large comparatively, except in those vessels bnilt head east 
or west. 

A series of tables is appended to this paper, wherein the 
magnetic co-ejB&cients of the ship's force and direction of 
the varions classes of vessels are given, the ships being 
classed âccording to the nature of their materials and 
machinery. 

337. This important investigation has been continued by 
Staff-Commander Evans, who, in conjnnction with Mr. 
Archibald Smith, has made a second commimication to the 
Royal Society, on the magnetic character of armonr-plated 
ships,* the practicai conclnsions dedncible from which are 
as follows : — 

* 'On tbe Magnetic Character of the Aimo\«-^\a.V.<^ ^«^^'S^ ^'^ ^^'^ 
Bojral Narjr, and on the eflfect on the Comya»» ^i ^^lîâcv^^ 'mx^s»^^ 
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THe introdnction of armonr-plating and the great in- 
crease in the amonnt and thickness of iron nsed in tlie 
constraction of modern ships of war, have greatly increased 
the amonnt of the deviations previonsly considered, and 
have given importance to two sonrces of error not pre- 
vionsly considered: viz. the diminntion of the directive 
force, and the heeling error. To determine these, obser- 
vations of horizontal and vertical force are necessary, and 
they are now part of the regnlar series of observations 
made by the snperintendent of the compass department in 
the iron-built ships of the Royal Navy. 

The observations confirm the conclnsion formerly ob- 
tained, that the semicircular deviation in an iron-bnilt ship 
is chiefly dne to the attraction of the north point of the 
compass to the part of the ship which was south in bnilding, 
modified in armonr-plated ships by the direction of the 
ship while being plated. 

The observations also show *the rapid changes which 
take place in the semicircular deviation soon after launch- 
ing, and the considerable changes which take place for 
abont a year afterwards, and the great permanence of the 
semicircnlar deviation after that time. 

Among the practicai conclusions drawn by the author, 
the most important are, that the best position for a 
ship to be built in is head south] that armonr-plated 
ships shonld be plated with the head in the opposite 
direction to that of bnilding; that there shonld be 
as little iron as possible within a cone traced ont by 
a line passing throngh the compass and making an 

angle of 54° 45' (cos— 1--t=J with the vertical; and that 

ments of Iron in a Ship,' by F. J. Evans, Staff-ConinianderR.N., F.B.S.« 
Snperintendent of the Compass Department H. M/s Navy, and Archi- 
bald Smith, JSI.A., F.R.S., CoTrespoiiâMi^'SilLew^iet cil\?cia S^slentific Com- 
mittee of the Imperial RuBsian "Sov^. U«tc!ii^, \^^^^ 
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in the constractîon of iron-built and iron-plated sliips, 
regard shoiild be had to proyîding a snitable place for the 
standard compass. 

338. For his memoirs în the * Philosophical Trans- 
actîons ' and elsewtiere, on the * Magnetism of Ships,' the 
Conncil of the Royal Socieiy awarded to Mr. Smith a 
royal medal. 

The outL'ne of the system practised in the Eoyal ISTavy, 
which has been bronght to its present advanced state, in a 
great measnre, owing to the researches of Mr. Smith and 
Captain Evans, may be briefly stated as foUows : — 

1. As regards the building of ships, it has been ascer- 
tained that the amonnt of disturbance is greafcest in iron 
ships which are bnilt (in British ports) with their heads 
to the north, and is still farther and greatly increased in 
armonr-plated ships when they are plated with their heads 
in the same direction as that in which they were built. It is 
therefore desirable that iron ships shonld not be built with 
their heads to the north, and that armonr-plated ships 
shonld be plated in the reverse position to that in which 
they were bnilt. Exactly the same conclnsion was arrived 
at by Captain Belavenetz from his experiments on the iron* 
bnilt armonr-plated battery * Pervenetz.' 

2. In respect to the fitting of ships. It is held to be 
essential that in every ship a standard comjpass shonld be 
fixed in a position selected not for the convenience of the 
helmsman or the bnilder, but for the moderate and nniform 
amonnt of the deviation at and^aronnd it, and where every 
facility exists for the examination of errors, by comparison 
with the azimnths of celestial objects or by terrestrial 
bearings. No iron of any kind shonld be placed or shonld 
be snfiered to remain within a certain distance of the 
standard compass — in the British naval service this dis- 
tance is 7 feet ; and all vertical iron, snch as stanchions^ 
arai'StandSy cfec, shonld be at a «fâSl ^^^\.et ^â^ias^^^r-^oi. 
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tihe British naval service tbis distance îs 14 feet^ whether 
on the same deck or immediately below it. 

It is not difficult to select a place where the standard 
compass can be most advantageonsly placed ; but it is 
difficult, and some more stringent measnres are reqnired 
than at present exist, to induce sbip-builders to adapt the 
arrangements of the vessel to the requirements of the 
compass. 

3. In respect to those who have to navigate the ship. 
' Every iron ship should be swung when her cargo is com- 
plete, and when she is ready in all respects for sea. Tables 
of the deviation of the standard compass on each course 
should be made according to the directions now universally 
adopted in Her Majesty's Navy, the tabular deviations 
being applied as corrections to the courses steered. The 
table of deviations to be carefally watched as the ship 
proceeds on her voyage, hj comparison with the azimuths 
of celestial objects, and reformed as changes in the geo- 
graphical position of the ship or in the magnetic condition 
of her iron take place, according to rules which have been 
devised for that purpose, confirmed by experience, and pub- 
lished by authority. 

By a strict adherence to these precautions, arrangements, 
and practices, the compass may still, in great measure, 
retain its place as the invaluable guide to the mariner in 
iron ships, as it was formerly in wooden ships; but it 
cannot be too strongly inculcated that no process of 
fiupposed correction, whether tabular or mechanical, should 
be allowed to interfere with the habitual and constant 
practice of examming the standard compass on all occa- 
sions, when the state of the heavens will permit, by com- 
parison with celestial objects.] 

339. We must not dismiss this most important subject 

without a brief notice of an ingenious compass by Mr. St. 

John, of Bufialo, United States of America, and which was 

rewarded with a medal at t\ie OTe%.\> "fixklblti.on of 1851 : 
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Fig. 162. 



tihe object of the arrangeineiit is to indicate the arnount of 
local attractioii, and ihe deviation of the compass actnallj 
present at anj moment. This inyention is shown in fig. 
162, in which N E s w represent the snspended cârd and 
needle : n s, n' 8^, are two short slender needles, delicately 
set np on vertical axes and attached to the compass-card, 
one on each side of the centre of the great needle ; and on 
the east and west line, these small needles, termed satel- 
lites, carry fine indexes t> i', made of reed, centrally fixed 
to them and at right angles to their direction, so as to in- 
dicate on gradnated arcs t, i\ any deflection to which they 
are snbject. Supposing the compass to be in the true 
magnetic meridian, the three 
needles will be parallel, but the 
small needles will stand with 
their poles n s, n' s', reverse to 
the poles s, n, of the large needle. 
If nnder these circumstances the tfI 
compass-needle n s deviate fpom 
the true meridian, then the po- 
isition of the small needles n s, 
n' sf^ will vary from parallelism, 
and indicate on their respective 

arcs *, i', the amount of deflection to which the compass is 
subject; at least this is the conclusion arrived at by the 
inventor. The notion is extremely ingenious, and the con- 
trivance, as a mechanical arrangement, very elegant: it 
requires, however, mnch forther investigation before the 
principie can be considered as being perfectly available. 




CONCLUSION. 



340. We have now gone through, in as comprehensive a 
way as the limits of otir work will permit, all the great 
leading £a.cts of ordinary magnetism, theoretically and ^TOiOr 
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tically considered, and have at the same time entered upon 
the seyeral important physical questîons to wbich they liave 
reference ; we have now merely to advert in conclusion to 
some of the more recent applications of thîs branch of 
ficience, in furthering the progress of civilization, or in con- 
tributing to the wants of mankind. 

84*1. The next great practicai application of magnetism, 
afber the mariner's compass, is the auxiliarj means it bas 
afforded in the constrnction of the electro-magnetic tele- 
graph, and without wbich that wonderfnl contrivance could 
never have been made so perfect as it now is. For althongh 
the electrical current is the great element by wbich the 
transmission of thought is efifected between persons sepa- 
rated by almost any amount of distance, yet it is by the 
varying motions and positions of the magnetic needle, ever 
obedient to the wire afiected by the current action, that 
we owe the interpretation of the ideas or thoughts, con- 
cealed and conveyed as it were through the wire. Having 
already explained in onr volume on electricity* the general 
telegraphic agency of the electrical current, and the means 
afforded to its transmission through wires continued through 
various points of space, we shall limit ourselves bere to 
a notice of the more immediate part of this wonderful con- 
trivance so far as it depends on common magnets, the various 
motions of wbich constitute, as it were, the langua-ge of the 
instrument. 

342. It will be immediately seen by reference to the phe- 
nomena of electrical wires and magnetic needles, already 
explained (40, 41, 46), that one or more needles, finely set 
upon an axis, either vertically or horizontally, may be caused 
to assume various positions, and may be deflected any number 
of times successively, either to the right hand or to the left, 
and almost at any point of distance from the source of power, 
provided the means of communication of the current be 
Afforded ; and thus we have an interpretation of events at 
* 'Eudîmentary"Eleclx\dtj,' BfetOTAţASxÂaii^iB» 191. 
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Fig. 163. 
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hand, according to any preconcerted code of sîgnals. We 
liave likewise seen (53) that by making or breakiiig contact 
with a voltaic circle, a piece of soft iron may be vigor- 
ously attracted toward the poles of an electric magnet, 
or be again easily separated from it. We bave bere, tben, 
a furtber source of motive power at a distance, by wbicb 
macbinery may be set in motion, alarms sounded by means 
of bells, and otber andible signals eflfected. Wben a single 
needle is employed, tbe code is termed tbe single-needle 
code. Tbe arrangement consista of a magnetic needle, or set 
of needles, a, fig. 164, enclosed witbin a galvanometer coil 
(46), and set on an axis ; the axis projects borizontally, and 
carries a vertical index-needle, 6, 
in front of a silvered brass dial ; 
tbe alpbabet is engraved on tbe 
dial, rigbt and left of the index- 
needle, as in the annexed fig. 
163. 

Fig. 164 represents tbe posi- 
tion of the galvanometer coil and 
needle a behind the plate, with 
the axis and needle h in front of 
the plate. The two needles are 
placed with poles reverse to each otber (29), and both are 
more or less acted on by tbe coil. In order to give the 
system a tendency to the vertical position, a 
slight preponderance in weight is given to the 
lower extremities of the needles. The extent 
of deflection is limited by pins fixed on the dial. 

343. Tbe letters are indicated by successive 
deflections, or beats of the needle, communicated 
by tbe current from a distance to the galvano- 
meter arrangement behind the plate and in given 
directions; tbus the letter L is indicated by 
fonr successive dieflections, rigbt, left, rigbt, left. The last 
beat is always the end of the word, and is a left-hand beat. 
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Fig. 164. 
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844. In the double-needle code two galvanometers are 
«mployed, and two index-needles placed parallel to each 
other ; the donble-needle code gives, of course, increased 
âusility, as admittîng of a greater number of combinations. 
In this arrangement two galvanometers (46), with their 
respective needles, stand side by side ; one is called tlie 
left needle, the other the right needle. Now we may either 
deflect the right needle or the left, or both at one time, 
cansing their upper or under points to converge to the same 
letter, and fumishing signals which may easily correspond 
with a given code ; thus, the npper half of the left-hand 
needle twice deflected to the left may be A, three times B, 
once to the right and once to the left c, and so on. In 
order to speli the word hen, for example, a first beat is 
made with the right needle for h, then a second with the 
left needle for e, now, a third beat with the right needle 
signifying N ; finally, a foilrth beat with left needle, corre- 
sponding to the symbol iji, signifying the termination of 
the word. In order to render these movements of the 
needles effectual, there are two handles below the dial by 
which the connection with the voltaic battery (40) can be, 
hy means of a particular mechanism, rapidly made, so as 
to cause the current to flow in any direction (41). In 
the double-needle arrangement everything is, of course. 
doubled. 

345. Professor Wheatstone, to whom we are mainly in- 
debted for the needle apparatus, also contrived a method of 
signalizing the letters themselves. This is eflfected by a 
circular dial, or disc, set on a central axis, and on which the 
alphabet is engraved, as also the numerals. The circum- 
ference of this plate, taken edgewise, has a succession of 
insulating and conducting intervals, so that in tuming it 
round we eflfect or break contact with the battery, by 
means of a spring pressing against the surfisice. Any series 
of letters we choose to maike a^ipe^i «A» «.. ^-^exi o^ening in a 
<Jase covering the dialwiWbe Tepea^^ «i^» ^ ^cka\aîaR.^ \y3 ^ 
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similar dial. This is effected bytlie temporary magnetizing 
of soft iron, in making and breaking contact with the 
battery (53) as we tnm the disc ronnd to a particular 
letter. By this, as in the motion of the alarm-bell, a motive 
force is obtained at a distance, the mechanism operated on 
being so arranged as to turn, hj electro-magnetic action, 
any reqnired letter of the distant dial to the opening in its 
corresponding case. Thns, if we signalize at anj station 
the letters f i b e, in succession, then the same will succes- 
siyelj appear npon the opening of the dial at a distant 
station, say of 100 miles. This specios of telegraph has 
been termed the mechanical telegraph, in opposition to 
the former, which has been termed the needle-telegraph, 
and which is that commonly employed in this conntry. 

346. Althongh to an observer the manipnlation in work- 
ing the telegraph. dials may appear complex and perfectly 
incomprehensible, and the delivery of a message at the rate 
of eighteen words per minute from a hundred miles distant 
qnite marvellons, yet the practice of the operations is very 
Boon acquired by the clerks engaged in this department 
of onr railways; indeed, affcer great experience, the mani- 
pnlator can work with a blank dial; and the particular 
clerk employed at the distant station to transmit the 
message may be actually known by his characteristic de- 
flections of the needles right or left. One is firm in his 
signals, another sharp and rapid ; one patient, another 

hasty.* 

347. The application of magnetic influence in determining 
distance through otherwise impermeable matter, or the 
thickness of solid rock or other substance, may be consî- 
dered as another valuable application of ordinary magnetism, 
especially in mining operations. We are indebted to the 
Rev. Dr. Scoresby for this method of measuring distance. 

It is evident that since the deviations of a delicate needle, 
by the influence of a magnet placid m \5aft Va^^ ^1 ■■>i«^ 

* Walker on < Telegraphie 'MsoiVgiTj^ai^o'îL^ 
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eentie at right angles to the meridian, may be taiken as a 
measnre of the force of tlie magnet ; so, converselj, tlie 
same deviations, nnder similar conditions of direction, must 
correspond with eqnaKiy of distance ; that is to say, sap- 
posing the intervening matter to be permeable or trans- 
parent to magnetism. If, therefore, we determine for a 
given magnet and needle a table of deviations corresponding 
with certain distances between the centre of the needle and 
magnetic pole when placed in a given position, we may 
thereby determine the distance at which the magnet is 
operating through solid matter, by observing the deviation 
produced. 

Fig. 165. 
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Let, for example, cnms 
be a mass of solid rock, s K 
the direction of magnetic 
meridian, and that the walls 
_ of the mass lie in that di- 
" rection ; let c be a delicate 
compass, finely divided, and 
— placed on one side of the 
rock, and M a magnet placed perpendicular to its centre on 
the other ; the compass-needle will then be deflected a certain 
number of degrees ; from which the distance may be found 
either by the table, or by bringing the magnet round to the 
side of the compass, and finding experimentally the distance 
at which the same amount of deviation will be produced. If 
the intervening rock should lie oblique to the meridian in 
direction s N, and the compass-needle become oblique to the 
walls, we must then deflect it by the influence of an auxiliary 
magnet, so that it may stand parallel to the walls of the 
rock, and then proceed as before. By a careful preparatîon 
of the apparatus, Dr. Scoresby has succeeded in measuring 
distances of 12G feet to within a very small fiuctional 
amount.* 

348. Ordinary magnetism is employed for the separation 
♦ ' Edin. New PhiL Journal/ April 1832. 
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and collection of particles of îron, mîxed witli other finely- 
diyîded matter, by means of permanent magnets, as also 
to the most important and liumane pnrpose of catching 
np, in a similar way, the destructive dnst of steel, which, 
in ihe grinding of needles, is liable to find its way into the. 
eyes and lungs of the workmen, thereby producing diseases 
of a serious character, more especially of the lungs. 

849. Gommon magnetism is in this way made available in 
a machine for separating &om impnrities disintegrated 
particles of certain rich ores of iron ţbund in Canada, and 
which average from 60 to 70 per cent. of pure iron. Thes© 
ores, by exposnre to the wearing action of the atmosphere, 
fireely break np into small grains ; they are then stamped 
and dressed, affcer which the magnet is nsed to act on the 
disintegrated particles, and thus separate the iron from its 
gangue. 
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Canton, on the construction of mag- 
netic bars, 95; on magnetizing 
steel bars, 182 
Cape of Good Hope, magnetic ob- 
servations at, 286. 
Cast iron. magnetic powers of, 116 
Cavallo, on the magnetic force deve- 
loped by hammering brass, 59 ; 
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the laws of magnetic force, 209 ; 
on the law of force in different 
parts of a magnetic bar, 233 

Ciunming, Professor, on the thermo- 
electric series, 73 

Curve, the magnetic, 242 
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66 

Stebbing, his mariner's compass, 
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duced in, by the electric current, 
49 

Stewart, Dr. Balfoar, on tbe great 
magnetic distorbance at Kew, 
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inclination, 263 ; needie, Eâriow's, 
169 
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76. GEOMETRY, DESCRIPTIVE, with a Theory of Shadows and 
Perspective, and a Description of the Principles and Practice 
of Isometrical Projection, by J. F. Heather. 2s. 

83. COMMERCIAL BOOK-KJIEPING, by James Haddon. 1«. 

84. ARITHMETIC, with numerous Examples, by J. R. Young. U, Qd. 
84*. KEY TO THE ABOVE, by J. R. Young. la, 6d, 

85. EQUATIONAL ARITHMETIC : including Tables for the 

Calculation of Simple Interest, with Logaritbns for Compound 
Interest, and Annuities, by W. Hipsley. 1*. 
85». SUPPLEMENT TO THE ABOVE, U. 

85 and 85* in 1 vo/., 2s. ^ 

86. ALGEBRA, by J. Haddon. 2». 

86*. KEY AND COMPANION to the above,byJ.R. Young. l8.6d, 
88. THE ELEMENTS OF EUCLID, with Additional Propositions, 
and Essay on Logic, by H. Law. 2*. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, by 

J. Hann. Entirely New Edition, improved and re-written 
by J. R. Young. 2s, {N^ow ready. 

91. PLANE TRIGONOMETRY, by J. Hann. 1*. 

92. SPHERICAL TRIGONOMETRY, by J. Hann. \$, 

Nos. 91 and 92 in 1 voL^ 2«. 

93. MENSURATION, by T. Baker. Is, ^. 

94. MATHEMATICAL TABLES, LOGARITHMS, with Tables of 

Natural Sines, Cosines, and Tangents, by H. Law, CE. 25. 6(2. 

101. DIFFERENTIAL CALCULUS, by W. S. B. Woolhouse. Is. 
101*. WEIGHTS, MEASURES, ' AND MONEYS OF ALL 

NATIONS ; with the Principles which determine the Rate of 
Exchange, by W. S. B. Woolhouse. Îs. 6^. 

102. INTEGRAL CALCULUS, RUDIMENTS,byH.Cox,B.A. Is. 

103. INTEGRAL CALCULUS, Examples on, by J. Hann. 1«. 

104. DIFFERENTIAL CALCULUS, Examples, by J. Haddon. 1*. 

105. ALGEBRA, GEOMETRY, and TRIGONOMETRY, in Easy 

Mnemonical Lessons, by the Rev. T. P. Kirkman. !«. 6<2. 
117. SUBTERRANEOUS SURVEYING, AND THE MAG- 
NETIC VARIATION OF THE NEEDLE, by T. Penwick, 
with Additions by T. Baker. 2^. 6(2. 

7, STATIONERS' HALL COURT, LUDGATE HILL* 



CIVIL EKGINEBRIKG WOBK& 



131. ABADY-BECKONEB FOE MILLEBS, FABMBBS, ĂNB 
MESCHAIfTS, diowinş the Value of any Qmntity of Corn, 
with the Approziinate Viîiies of Mill-rtones k Mill Work. li, 

136. fiUDIMENIABY AJEOIHMBTIC, by J. Bmădam, «dited hj 

A. Arman. Îs. 6d. 

137. KE7 TO THE ABOYE, hy A. Armui. 1«. ed. 

147. STEPPING STONB TO AKITHMETIO, by A. Arman. 1#. 

148. KEY TO THB ABOVB, by A. Arman. 1*. 

158. THE SLIDB RULB, AND HOW TO USB H. Witb 
Slide Bule in a pocket of cover. 3«. 

Ifi8. DRAWING AND MEASURINa riNSTRUMENTa. In- 

cluding — Instnimentâ employed in Geometrical and Mecha- 
nical Drawing, the Construction, Copying, and Measnrement 
of Maps, FlimB, Ac, by J. F. Hxathsb, M.A. 1«. ^. 

iNbiD rwdy, 

169. OPTICAL XNSTRUMENTS, more espedally Telesoopes, 

Microsoopes, and Apparatus for prodacmg copies of Mapa 
and Plans by Photography, by J. F. Hbathkb, M.A. ]«. 6^. 

[Nbw ready, 

170. SURVEYING AND ASTRONOMICAL nţSTRTJMENTS. 

Includîng— Instruments Used for Determîning the Geome- 
trical Features of a portion of Ground, and in Aatronomical 
Observations, by J. F. Heather, M.A. 1«. 6d. [iVW readff. 
*^ ♦ The above three volunies form an enlargement of the Aut hor' s 
original work^ " Mathetnatical Instruments" the Tenth Edition 
of which {No. 32) is still on sale, price Is. 6d. 

♦^,^♦ Kew Volumes in preparation :— 

PR ACTICAL PLANE GEOMETRY : Giving the Simplert 
Modes of Construoting Figores contained in one Plime, by 
J. F. Heatiier, M.A. 

PROJECTION, Orthoffraphic, Topographic, and Perspective: 
giving the various moaes of Delineating Solid Forms by Con- 
structious on a Single Plane Surface, by J. F. Hkather, M.A. 

** * Th^ above two volumes, with the AuthorU work already in 
the Seriesy ** Descriptive Oeometry^' will form a complete Ele- 
mentary Course of Mathematical J)ramng, 



CIVIL ENGINEERINO. 

13. CIVIL ENGINEERING, by H. Law and G. R. BameU. Fifth 
Edition, with Additions. 5«. 

29. DRAINAGE OF DISTBICTS AND LANDS,byG.D.Demp86y:. 
Îs. 6d. 
With No. 80 (Sec page 2), Drainage and Sewage of TownSj Zs, 

PUBLISHED BY LOCKWOOD de CO., 



WORKS m FINE ARTS, ETC. 



31. WELL-SINKING, BOEING, AND PUMP WORK, by J. G. 

Swindell, revised by G. R. Burnell. Is. 
43. TUBULAR AND IRON GIRDER BRIDGES, induding the 

Britannia and Conway Bridges, by G. D. Dempsey. 1«. Qd, 

46. BOAD-MAKING AND MAINTENANCB OF MACADA- 

MISED ROADS, by Field-Marshal Sir J. F. Burgoyne. U, Qd 

47. LIGHTHOUSES, their Oonstruction and Illumination, by AJan 

SteyenBon. Ss, 
«2. RAILWAY OONSTRUCTION, by Sir M. Stepheneon. With 

Additions by E. Nugent, CE. 28. 6^ 

62*. RAILWAY CAPITAL AND DIVIDBNDS, with Statistics of 

Working, by B. D. Chattaway. Is, 

No, 62 and 62* in 1 vo/., 35. ed, 

80*. EMBANKING LANDS FROM THE SEA, by J. Wiggins. 28. 
82**. GAS WORKS, and the PRACTICE of MANUFACTURING 

and DISTRIBUTING COAL GAS, by S. Hughes. 3s. 
82***. WATER-WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS. by S. Hughes, CE. Ss. 
118. CIVIL ENGINEBRING OF NORTH AMERICA, by D. 

Steyenson. Ss, 

120. HYDRAULIC ENGINEBRING, by G. R. BurneU. Ss. 

121. RIVBRS AND TORRBNTS, with the Method of Regulating 

their Course and Channels, Nayigable Oanals, &o., from th^ 
Italian of Paul Frisi. 28, Qd, 



EMIGRATION* 

154. GENERAL HINTS TO EMIGRANTS. 28. 

157. EMIGRANT'S GUIDE TO NATAL, by R. J. Mann, M.D. 2*. 

159. BMIGRANPS GUIDE TO NEW SOUTH WALES, 

WESTERN AUSTRALIA, SOUTH AUSTRALIA, VIC- 
TORIA, AND QUEENSLAND,by James Baird,B.A. 28.Qd. 

160. EMIGRANT'S GUIDE TO TASMANIA AND NEW ZBA-' 

LAND, by James Baird, B.A. 2s. ^ [Headi/, 



FINE ARTS. 

20. PERSPECTIVE, by George Pyne. 28. 

27. PAINTING; or, A GRAMMAR OF COLOURING, by G. 
Field. 28. 

40. GLASS STAINING, by Dr. M. A. Gessert, with an Appendix 

on the Art of Bnamel Painting, &o. Is. 

41. PAINTING ON GLASS, from the German of Fromberg. 1^. 
69. MUSIC, Treatise on, by C C Spencer. 28. 

71. THE ART OF PLAYING THE PIANOFORTB, by C C 
Spenoer. 1«. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



WOBKfi nr MECHAKICS, BTC. 



LEGAL TREATISES. 

60. LAW OF CONTRAOTS FOB WORKS ĂSJ) fiBSVIOEB» 

by Bavid Gibbons. U. 6<2. 
107. THB COUNTT COUET GUIDB, by a Barrifter. 1». M 
106. METROPOLIS LOCAL MANAGSkkNT ACTS. Îs. 6d. 
106». METROPOLIS LOCAL MANAGEMENT AMENDMSNT 

ACT, 1862; with Notes and Index. U. 
JVox. 106 and 108* in 1 oo2., 3«. 9d. 

109. NUISANCES REMOYAL AND DISEASES PBEVSNTION 

AMBNDMENT ACT. U. 

110. RECENT LEGISLATIVE ACTS «pplyiiig to Oontracton, 

Merohants, and Tradeemen. Îs, 

161. THE LAW OP PRIENDLY, PROVIDBNT, BUILDINa 
AND LOAN S0CIETIE8, by N. Whita. Îs, 

163. THB LAW OF PATENTS POR INVENTIONS, liy F. W. 
Oampin, Bamster. 28, 



MECHANICS & MECHANICAL ENQINEERING. 

' 6. MECHANICS, by Charles Tomlinaon. Îs, 6d, 

12. PNEUMATICS, by Charles Tomlinson. New Edition. Îs, M, 

83. ORANES AND MACHINERY FOR RATSING HEAVT 

BODIES, the Art of Constructing, by J. Glynn. 1*. 
34. STEAM ENGINE, by Dr. Lardner. 1*. 
59. STEAM BOILERS, their Construotion and Management, by 

R. Armstrong. With Additions by R. Mallet. Îs, Qd, 
63. AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE 

POWERS, FIELD MACHINES, MACHINERY AND 

IMPLEMENTS, by G. H. Andrews, CE. Ss, 
67. CLOCKS, WATCHES, AND BELLS, by E. B. DenkoxL New 

Edition, with Appendix. Ss, 6d, 

Appendix {to the Ath and bth Editions) separateh/, Im, 
77». ECONOMY OF FUEL, by T. S. Prideaux. Is, ^d, 
78*. THE LOCOMOTIVE ENGINE, by G. D. Dempsey. 1*. ed. 
79*. ILLUSTRATIONS TO THE ABOVE. 4to. 4s. Qd, 
80. MARINE ENGINES, AND STEAM VESSELS, AND THB 

SCREW, by Robert Murray, C.E., Engineer Surveyor to the 

Board of Trade. Fif th Edition, reyised and angmented, wiih 
. a Glossary of Technioal Terms, with their equiyaLentB is 

French, German, and Spanish. 3*. 
82. WATER POWER, as applied to Mills, &c., by J. Glynn. 2». 

97. STATICS AND DYNAMICS, byT. Baker. New Edition. ls.6d. 

98. MECHANISM AND MACHINE TOOLS, by T. Baker ; and 

TOOLS AND MACHINERY, by J. Naamyth. 2s. 6d. 
113*. MEMOIR ON SWORDS, by Col. Marey, translated by Lieufc- 
Col. H. H. MaxweU. Îs. 



PUBLISHED BY 1.0C¥^>N00T> &t CiQ>.. 



NAViaATION AND JTAUTICAL WORKS. 



114. MACHINBBY,Con8tTuotionandWorkiiig,byO.D.Abel. U.Qd. 

116. PLATES TO THB ABOVE. 4to. 7«. 6d. 

125. COMBUSTION OF COAL, AND THB PEBVBNTION OP 

SMOKE, by C. Wye Williams, M.I.C.B. Ss. 
139. STEAM ENGINE, Mathematical Theory of, by T. Baker. 1*. 
162. THE BRASSFOUNDER'S MANUAL, bvW.Ghwham. 28,M. 

164. MODERN WORKSHOP PRACTICE. 'By J.G.Winton. 3». 

165. IRON AND HEAT, Exhibiting the Principles oonoerned in 

the Construction of Iron Beams, Pillars, and Bridge Girders, 
and the Action of Heat in the Smelting Fumace, by James 
Arihoub, ce. Woodcuts. 2*. Qd. [Nbw ready, 

166. POWER IN MOTION: Horse Power, Motion, Toothed Wheel 

Gearing, Long and Short Driving Bande, Angular Forces, &c., 
by James Abmoub, CE. With 73 Diagrame. 28.6^. [Nowready, 

167. A TREATISE ON THB CONSTRUCTION OP IRON 

BRIDGES, GIRDERS, ROOFS, AND OTHER STBUC- 
TURE8, by Francis Oampin, CB. With numerous Ulus- 
trations. 28, \^eady, 

171. THB WORKMAN'S MANUAL OF ENGINEEBING 
DRAWING, by John Maxton, Instructor in En^neering 
Drawing, Royal School of Naval Arohitectnre &Manne Engi- 
neering, South Kensington. Plates & Diagrame. 3». 6^. [Ready. 

L72. MINING TOOLS. For the Uee of Mine Managere, Agente, 

Mining Studente, &c., by Williah Morgans, Lecturer ou 

• Mining at the Brietol School of Minee. 12mo. 2s, Qd, [Ready* 

172*.ATLAS OF PLATES to the aboye, oontaining 200 iJlustra- 

tions. 4to. 4$. %d, [Beady, 

TREATISE ON THE METALLURGY OF IRON ; con 

taining Outlinee of the History of Iron Manufacture, Methode 

of Assay, and Ajialyeie of Iron Oree, Processee of Manufacture 

of Iron and Steel, &c., by H. Baueeman, F.G.S., A.R.S.M. 

Second Edition, revieed and enlarged. Numerous Woodcute. 

[Just ready, 

NAVIGATION AND SHIP-BUILDING. 

61. NAVAL ARCHITBCTURB, b y J. Pe ake. 3«. 

63*. SHIPS FOR OCEAN AND RIVBR SERVICE, Conetruction 

of, by Captain H. A. Sommerleld t. Ig . 
63»». ATLAS OF 16 PLATES OK) THB ABOVB, Drawn for 

Practice. 4to. 7s,6d, 

64, MASTING, MAST-MAKING, «nd EIGGING OF SHIPS, 

by R. Kipping. Îs. Qd, 
64». IRON SHIP-BUILDING, by J. Gnmtham. Piftii Bdition, 

with Supplement. 4». - ' 

64»». ATLAS OF 40 PLATES to iUuetratethepreoeding. 4to. 38*. 

7, STATI0NER8' HALL COUKT, lAÎBQcKÎE. ^SOA.. 



8 SCIENTIFIC WORKS. 

55. NAYIGATION ; the Sailor's Sea Book : How to Zeep thfi Log 
and Work it off, Law of Storms, &c., by J. Greenwood. 2». 

83 hi8. SHIPS AND BOATS, Form of, by W. Blând. U, 6d. 

99. NAUTICAL ASTRONOMY AND NAYIGATION, by J. E. 
Young. 28, 

100». NAYIGATION TABLES, for Use with the above. 1*. 6i. 

106. SHIPS' ANCHOES for aU SBEVIOES, by Gt. CotseU. 1*. 6d. 

149. SAILS AND SAIL-MAKING, by R. Kipping, N.A. 2». Qd. 

155. ENGINEBR'S GUIDB TO THE ROYAL AND MER- 
CANTILE NAYIES, by a Practicai Engîneer. Revised by 
D. F. McGarthy. Ss. 



PHYSICAL AND CHEMICAL SCIENCE. 

1. OHEMISTRY, by Prof. Fownes. With Appendix on Agri- 

oultural Chemistry. New Edition, with Index. 1*. 

2. NATURAL PHILOSOPHY, by Charles Tomlinson. U. 

8. GEOLOGY, by Major-Qen. Portlock. New Edition. U. Qd. 
4. MINERALOGY, by A. Ramsay, Jun. 3«. 

7. ELEOTRICITY, by Sir W. S. Harris. U, Qd. 

7*. GALYANISM, ANIMAL AND YOLTAIO ELEOTRICITY, 
by Sir W. S. Harris. U, 6d. 

8. MAGNETISM, by Sir W. S. Harris. New Edition, revised and 

enlarged by H. M. Noad, Ph.D., F.R.S. With 165 woodcuta. 

Ss. 6rf. [This day. 

11. HISTORY AND PROGRESS OF THE ELECTRIC TELE- 

GRAPH, by Robert Sabine, CE., F.S.A. 3«. 
72. RECENT AND FOSSIL SHELLS (A Manual of the MoUnsca), 

by S. P. Woodward. With Appendix by Ralph Tate, F.G.S. 

6s. 6<?. ; in clo th bo ards, 7«. 6</. Appendix separately, 1«, 
79»*. PHOTOGRAPHY, the Stereoscope, &c., from the French 

of D. Yan Monckhoven, by W. H. Thornthwaite. 1«. 6<i. 
96. ASTRONOMY, by the Rev. R. Main. New and Enlarged 

Edition, with an Appendix on " Spectrum Analysis." 1*. 6<i. 

133. METALLURGY OF COPPER, by Dr. R. H. Lambom. 2*. 

134. METALLURGY OF SILVER AND LBAD, by Lambom. 2*. 

135. ELECTRO- METALLURGY, by A. Watt. 2s, 

138. HANDBOOK OF THE TELEGRAPH, by R. Bond. New 

and enlarged Edition. U. 6^. 
143. EXPERIMENTAL ESSAYS— On the Motion of Camphor 

and Modem Theory of Dew, by C. Tomlinson. 1«. 
161. QUESTIONS ON MAGNETISM, ELEOTRICITY, AND 

PRACTICAL TELEGRAPHY, by W. McGregor. 1*. Qd. 

173. PHYSICAL GEOLOGY (partly based on Pordock's « Rudi- 

ment8ofGeology"),by Ralph Tate, A.L.S.,&c. 2s. [Now ready, 

174. HISTORICAL GEOLOGY (partly based on Portlock's " Rudi- 

ments of Qeology "), by Ralph Tate, A.L.S., &o. 2«. M, 

{J^ow ready. 
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EDUCAŢIONAL WORKS. 



MISCELLANEOUS TREATiSES. 

12. DOMESTIC MEDICINB, hj Dr. Ralph Gooding. 25. 

112». THE MANAGEMENT OF HEAI/TH, by James Baird. 1*. 

113. USB OF FIELD AfiTILLEEY ON SEBVICB, by Tanbert, 
translated by Lieut.-Col. H. fî. MaxweU. 1«. 6d, 

150. LOGIC, PUEE AND APPLIED, by B. H. Emmeiia. 1^. 6^^ 

162. PRACTICAL HINTS FOR INVIOTING MONEY: with 
an Explanation of the Mode of Tmuacting BusmoBS on thie 
Stock £h:change, by Francîs Playford, Swom Broker. Is, 

153. LOCKE ON THE CONDUCT OF THE HUMAN UNDER- 
STANDING, Seleotions from, by 8. H. Emmens. ^. 



NEW SEBIES OF EDUCATIOtfAL WQRE& 



1. ENGLAND, History of, by W. D. Hamiltm. 5*.; clothboardf, 
68. (Also in 5 partB, price le. eaeh.) 

5. GREECE, History of, by W. D. Hamihon «nd E. Leyien, M Jl. 
2s. 6d. ; cloth boards, d^. 6d, 

7. ROME, History of, by E. Levien. 2». 6rf. ; dothboards, Ss. 6e?. 

9. CHRONOLOGY OF HISTORY, ART,? LITERATURE, 
and Progrese, from the Oreation of the World to the Con- 
clusion of the Franco-German War. The continnation by 
W. D. Hamilton, F.S. A. 3«. cloth limp ; 3». 6d. cloth boards. 

[Now readv, 

11. ENGLISH GRAMMAR, by Hydo Clarke, D.C.L. U. ^ 
11». HANDBOOK OF COMPARATIVE PHILOLOGY, by Hyde 

Clarke, D.C.L. 1». 

12. ENGLISH DICnONARY, containing abore 160,000 words, 

by Hyde Clarke, D.C.L. Sa, 6d. ; doth boards, 4«. %d, 
, with Graimnar. Cloth bds. 5». 6d, 

14. GREiaS GRAMMAR, by H. C. Hamilton. Îs, 

15. DICTIONARY, by H. R. HamUton. Voi. 1. Gxeek-. 

Engliah. 2s. 

17. Voi. 2. English— Greek. 2s, 

— ^— Complete in 1 voi. 4«. ; cloth boards, 5». 
, with Grammar. Cloth boards, 6*. 

19. LATIN GRAMMAIt, by T. Goodwin, M.A. 1». 

aa DICTIONARY, by T. Goodwin, MjL Voi. 1. Latin 

—English. 28, 

22. Voi. 2. English— Latin. 1*. 6e?. 

— Complete in 1 toI. 3«. Qd. ; cloth boards, 4«. 6d, 

: , with Grammar. Cloth bds. 6«. Gd, 

24. FRENCH GRAMMAR, by G. L. Strauss. U 



7, STATIONERS' HALL COUB.T, lA3I>Gcfe:^^ lăSUU. 
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10 EDUCAŢIONAL WORKS. 

26. FEENCH DICTIONARY, by A. Elwes. Voi. 1. Frenoh— 
Englith. Îs, 

26. • Voi. 2. English— French. Is. 6rf. 

Complete in 1 voi. 2«. 6d. ; cloth boards, 3«. 6rf. 

, with Gramihar. Cloth bds. 4*. Qd. 

27. ITALIAN GRAMMAIt, by A. Elwes. 1«. 

28. TRIQLOT DICTIONAEY, by A. Elwes. Voi. 1. 

Italian — English — French. 2«. 

30. Voi. 2. English— French— Italian. 2s. 

32. ■ Voi. 3. French— Italian— English. 2«. 

Complete in 1 voi. Cloth boards, 7«. ^d, 

, with Grammar. Cloth bds. 8*. Qd. 

34. SPANISH GRAMMAB, bv A. Elwes. U. 

36. ENGLISH AND ENGLISH— SPANISH DIC- 
TIONARY, by A. Elwes. 4». ; cloth boards, 5«. 
' i, with Grammar. Cloth boards, 6«. 

39. GERMAN GRAMMAR, by G. L. Strauss. U. 

40. READER, from best Authors. Is. 

41. TRIGLOT DICTIONARY, by N.E. S. A. Hamilton. 

Voi. 1. English — German — ^French. 1«. 

42. Voi. 2. German— French— English. 1». 

43. Voi. 3. French — German — ^English. 1«. 

Complete in 1 voi. 3s. ; cloth boards, 4s, 

, with Grammar. Cloth boards, bs. 

44. HEBREW DICTIONARY, by Dr. Bresslau. Voi. 1. Hebrew 

— English. 65. 

, with Grammar. 7». 

46. Voi. 2. EngHsh— Hebrew. 3«. 

Complete, with Grammar, in 2 vols. Cloth boards, 12*. 

46». GRAMMAR, by Dr. Bresslau. U 

47. FRENCH AND ENGLISH PHRASE BOOE:. Is. 

48. COMPOSITION AND PUNCTUATION, by J. Brenan. U 

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. IsM. 
60. DATES AND EVENTS. A Tabular View of English History, 

with Tabular Geography, by Edgar H. Rând. [InJPreparation. 
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EDUCAŢIONAL AND CLASSICAL WORKS. II 



GBEEE AND LATIN CLASSIGS, 

WITH EXPLANATORY NOTES IN ENGLISH. 



LATIN SERIES. 

1. A NEW LATIN DELECTUS, witli Vocabularies and 

Notes, by H. Young 1*. 

2. C^SAR. De Bello Gallico ; Notes by H. Young . . 2«, 

3. CORNELIUS NEPOS; Notes by H. Young . . . U. 

4. VIRGIL. The Gteorgics, Bucolics, and Doubtful Poems; 

Notes by W. Eushton, M.A., and H. Young . Is, ^, 

6. VIRGIL. ^neid ; Notes by H. Young . . . 2«. 

6. HORACE. Odes,Epodes, and Carmen Seculare, by II. Young 1*. 

7. HOEACB. Satires and Epistles, by W. B. Smitb, M. A. 1». 6<?. 

8. SALLUST. Catiline and Jugurthine Wap; Notes by 

W. M. Donne, B.A . 1*. 6<?. 

9. TEEENCE. Andria and Heautontimorumenos ; Notes by 

the Rev. J. Davies, MjL 1*. 6c?. 

10. TERENCE. Adelphi, Hecyra, and Phormio; Notes by 

the Rev. J. Davies, M.A 2j». 

11. TERENCE. Eunuchus, by Rev. J. Davies, M.A. . U, Qd, 

Nos, 9, IO, and II in I voi, cloth boards, 6s. 

12. CICERO. Oratio Pro Sexto Roscio Amerino. Edited, 

with Notes, &c., by J. Davies, M.A. {Nbw ready.) . . \s, 
14. CICERO. De Amiciţia, de Senectute, and Brutus ; Notes 

by the Rev. W. B. Smith, MjL 2«. 

16. LIYY. Books i., ii., by H. Young . . . . 1«. 6ef. 
16*. LIVY. Books iii., iv., v., by H. Young . . , 1«. 6<?. 

17. LIVY. Books ni., rdi., by W. B. Smith, M Al. . la, %d, 

19. CATULLUS, TIBULLUS, OVID, and PROPERTIUS, 

Selections from, by W. Bodham Donne . . . .2». 

20. SUETONIUS and the later Latin Writers, Selections from, 

by W. Bodham Donne 2«. 

21. THE SATIRES OF JUVENAL, by T. H. S. Escott, M.A., 

of O.ueen's College, Oxford 1«. 6rf. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



ÎS BDnCATIOKAL ANB CLASSICAL WORKS. 

QREEK SERIES. 

WITK BZPLAKATOBT N0TB8 IN BS&LSSHm 



1. A NBW GREBK DELECTUS, by H. Yoimg ; li, 

2. XENOPHON. Anabasis, i. ii. iii., by H. Young • . 1«. 

3. XENOPHON. Anabftsia, ir. v. tI. vii., by H. Young , 1*. 

4. LUCIAN. Selâot Dialogues, by H. Young . . . 1#. 
6. HOMEB. niad, i. to vi., by T. H. L. Leary, D.C Ji. 1«. Qd. 

6. HOMEB. niad, tu. to xii., by T. H. L. Leary, D.C Ji. U Oi, 

7. HOMBR. Diad, xiii. to rriu., by T.H. L. Leary, D.OJx U 6rf. 

8. HOMEB. niaâ, zix. to xziy., by T. H. L. Leaiy, D.CX. I«. Oi, 

9. HOMEB. OdysBey, i. to yi., by T. H. L. Leary, D.C.L. 1#. Oi. 

10. HOMEB. Odyssey, Tii. to xii., by T. H. L. Leary, D.C X. 1*. ed, 

11. HOMEB. OdyB8ey,xiii.torviii.,byT.H.L.Leapy,D.C.L.l*.6rf. 

12. HOMEB. Odyssey, xix. to Tjdr. ; and Hymns, by T. H. L. 

Leary, D.OJD 2i. 

13. PLATO. Apologia, Crito, and Phsedo, by J. Dayies, M.A. 2f. 

14. HBBODOTUS, Books i. ii., by T. H. L. Leary, D.CL. Îs, 6d, 

15. HBBODOTUS, Books iii. iv., by T. H. L. Leary, D.CX. 1«. 64. 

16. HEBODOTUS, Books V. vi. vii., byT.H.L. Leary, D.OX. Is.Qd. 

17. HEBODOTUS, Books viii. ix., and Index, by T. H. L. 

Leary, D.CL ls.6d, 

18. SOPHOCLES. (Edipus Ţyrannus, by H. Young . . 1#. 
20. SOPHOCLES. Antigone, by J. Milner, B.A. . . .2». 
23. EUBIPIDES. Heoaba and Medea, by W. B. Smîthy M.A. 1«. 6(2. 
26. EUBIPIDES. Alcestis, by J. Milner, B.A. . . . 1#. 
30. -ffi:SCHYLUS. Prometheufl Vinctus, by J. Davies, M. A. . 1#. 
32. JESCHYLUS. Septem contra Thebaa, by J. Davies, M^ 1#. 

40. ABISTOPHANES. Acharnenses, by C. S. D. Townahend, 

^ M.A U6A 

41. THUCYDIDES. Peloponnesian War. Booki.,byH. Young U 

42. XENOPHON. PanegyrioonAge8ilaus,byLl.P.W.Jewitt 1#.6* 

" — — 
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ENGINEERING, SURVEYING, &C. 

— — f 

Humbers New Work oh Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
CE., and M. Inst M.E. Author of "Cast and Wrought Iron 
Bridge Constniction," &c. &c. This work, it is expected, will con- 
tain about 50 Double Plates, and upwards of 300 pages of Text. 
Imp. 4to, half bound in morocco. [/« thepress, 

*♦* In accumulating in/ormation for this volume, the Author has 
been very liberally cusisted by several profsssional frUnds, who have 
made this department of ettgineering their special study, He has thus 
been in a position to prepare a work which, within the limits of a 
singîe volume, will supply the reader with the most complete and 
reliable in/ormation upon all subjects, theoreticcU and practiccU, con- 
' necied with water supply, Through the kindness of Messrs, Ander* 
son, Bateman, Hcnvksley, Homersham, Baldwin LcUham, Lawson, 
Milne, Quick, Rawlinson, Simpson, and others, several works, con* 
structed and in course of construction, from the designs of these gentle- 
men, willbefully illustrated and described, 

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TRBATED 

IN THE text: — 

. Historical Sketch of the means that have been proposed and adopted for the Stipply 
of Water. — ^Water and the Foreign Matter usually associated witn it. — Rainfalland 
Evaporation. — Springs and Subterranean Lakcs.-^ Hydraulics.— The Selection of 
Sites for Water Works. — ^Wells. — Reservoirs. — Filtration and Filter Beds. — Rcscrvoir 
and Filter Bed Appendages. — Pumps and Appendaţ;es. — Pumpine Machinenr.— 
Culverts and Conduits, Aqueducts, Syphons, &c. — Distribution of Water. — ^Watcr 
Meters and general House Fittings. — Cfost of Works for the Supply of Water.*— Con- 
stant and Intermittent Supply. — Suggestions for preparing Plans, &c. &c.j toMtfaer 
with a Description of the numerons Works illustrated, viz : — ^Aberdeen, Bioeford, 
Cockermouth, Dublin, Glasgow, Loch Katrine, Liverpool^ MancKe&tjK,¥L<;2k\SEkad!osuKv, 
Sunderland, and several others; with copios of tViftO>tk»ajt\^TiTV«SsL^^'ast^'5»\wî^- 
catioa in each case. 
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Humbers Modern Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By William 
HUMBER, Assoc. Inst C.E., &c. Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.E., F.R.S., &c Price 3/. 31. half morocco, 

Usi of the Plates, 

NAMB AND DBSCRIPTION. PLATES. NAMB OP BNGINBER. 

Victoria Station and Roof~L. B.&S. C. RaiL i to 8 Mr. R. Jacomb Hood, CE. 

Southport Pier 9 and zo Mr. James Bnmlees, C.E. 

Victona Station and Roof— L. C. & D. & G. W. 

Railways zitozsA Mr. John Fowler, C.E. 

Roof of Cremorn* Masic Hali z6 Mr. William Humber, C.E. 

Bridge over G. N. Railway ^.^ Mr. Joseph Cubitt. CE. 

Roof of Station— Dutdi Rhenish Railway .. z8andz9 Mr. Euschedi, C.£. 
Bridge over the Thames— West London Ex- 

tension Railway ao to 94 Mr. William Baker, C.E. 

Armour Plates 25 Mr. James Chalmcrs, CE. 

Suspension Bridge, Thames s6 to 39 Mr. Peter W. Barlow, C.E. 

The ABen En^ne 30 Mr. G. T. Porter, M.E. 

Suspension Bndge, Avon 3z to 33 Mr. John Hawksăiaw, CE. 

and W. H. Barlow, CE. 

Undergrotmd Railway 34 to 36 Mr. John Fowkr, CE. 

With copious Descriptive Letterpress, Specifications, &c 



" Handsomely lithographed and i>rinted. It will find favour with many who deşire 
to preserve in a permanent form copies of the plâns and specifications prepared for Hat 
guidance of the contractors for many important engineering fior\s&.**-~Engineer, 



Humbef^s Modern Engineering. Second Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.R.S., &C. Price 3/. 3J. half morocco, 

List of the Plates, 

NAMB AND DESCRIPTION. PLATES. NAMB OP BNGINEBR. 

Birlcenhead Docks, Low Water Basin z to 15 Mr. G. F. Lyster, CE. 

Chaiing Cross Station Roof— C C. Railway. z6 to z8 Mr. Hawkstiaw, C.E. 

Dîeswell Viaduct — Great Northern Railway. 19 Mr. J. Cubitt, C.E. 

Robbery Wood Viaduct— Great N. Railway. 20 Mr. J. Cubitt, CE. 

Iron Permanent Way 20a 

Clydach Viaduct — Merthyr, Tredegar, and 

Abcrgavenny Railway 21 Mr. Gardner, CE. 

Ebbw Viaduct ditto ditto ditto 23 Mr. Gardner, C.E. 

CoUege Wood Viaduct — Cornwall Railway . . 23 Mr. Brunei. 

Dubim Winter Palace Roof 24 to 26 Messrs. Ordish& LeFeuvre. 

Bridge over the Thames — L. C. & D. Railw. 27 to 32 Mr. J. Cubitt, CE. 

Albert Harbour, Greenock 33 to 36 Messrs. Bell & Miller. 

With copious Descriptive Letterpress, Specifications, &c. 



" A fv«»m/of all the more interesting and important works lately completed in Great 
Britain ; and containing, as it does^ carefully executed drawings, with full working 
details, will be found a valuable accessory to the pn^ession at large."— -fff^VMrr. 

" Mr. Htunber has done the profession eood and true service, by the fine collection 
of exaxnples he has here brought before the profession and the public"— /'m^ftW 
AfMĂamc^s y<mmaL 
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Humber's Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a laige 
scale, and Photographic Portrait ofj. R. M*Clean, Esq., late Pre- 
sident of the Institution of Civil Engineers. Price 3/. 3J. ludf 
morocco. 

Ust of Plates and Dtagrams, 



MAIN DRAINAGE, METROPOLIS. 

NORTH SiDE. 

Map showing Interception of Sewers. 
Middle Level Sewer. Sewer under Re- 

ţent's Canal. 
Middle Level Sewer. Juncdon with Fleet 

Ditch. 

Bridge over River Lea. 



Out£all Sewer. 

Elevation. 
Outfall Snrer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 



Bridge over River Lea. 
Bridge over River Lea. 



uiiaiivicwu. Bridg* cirer Marsh Lane. 

North Woolwich Railway, and Bow and 

Barking Railway Junction. 
Outfall Sewer. Bndge over Bow and 

Barking Railway. ^ Elevation. 
Outfall Sewer. Bridee over Bow and 

Barking Railway. ^ Details. 
Outfall ^wer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Elevation. 
Outfall Sewer. Bridge over East London 

Waterworks* Feeder. Details. 
Outfall Sewer. Reservoir. Plan. 
Outfall Sewer. Reservoir. Section. 
Outfall Sewer. Tumbling Bay and Outlet. 
Outfall Sewer. Penstocks. 

South Sidb. 
Outfall Sewer. Bermondsey Branch 



MAIN DRAINAGE, METROPOLIS, 
continued^- 



Reservoir and Outlet. 
Reservoir and Outlet. 
Reservoir and Ootlet. 



Outfall Sewer. 
Outfall Sewer. 
Plan. 



Bermondsey Branch. 
Reservoir and Outlet 



Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Filth Hoist 
Sections of Sewers (North and South 

Sides}. 

THAMES EMBANKMENT. 

Section of River Wall. 

Steam-boat Pier, Westminster. Elevation. 

Steam-boat Pier, Westminster. Details. 

Landing Stairs between Charing Cross 
and Waterloo Bridges. 

York Gate. Front Elevation. 

York Gate. Side Elevation and Detaik. 

Overflowand Outlet at Savoy Street Sewer. 
Details. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. 

Steam-boat Pier, Waterloo Bridge. Eleva- 
tion. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Junction of Sewers. Plans and Sections. 

GuUies. Plans and Sections. 

RoUing Stock. 

Graniţe and Iron Forts. 



With copious Descriptive Letterpress, Specifications, &c. 



Opinions of the Press, 

** Mr. Humber's works— cspecîally hîs annual * Record,* with which so many of oar 
readers are now fa miHa r — ^fill a v(Md occupied by no other branch of liteniture. . . . 
The drawings have a constandy increasing value, and whoever desires to possess dear 
representations of the two great works carried out by our Metropolitan Board will 
obtain Mr. Humber's last yoi\xme/*-~Engifuering. 

•' No engineer, architect, or contractor should fail to preserve these records of wories 
which, for magnitude, have not their parallel in the present day, no student in the 
profession but should carefully study the details of theşe great works, which he may be 
one day called upon to imitate." — Mechanics^ Magazine» 

** A work hishly creditable to the industry of its author. . . . The volume is quitc 
an encyclopacdia for the study of the student who desires to maşter the sutnect of 
municipal drainage oa its softle of greatest development"— /'mf/Âca/ Mectuuw^s 
Journal. 
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Humber^s Modem Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plales, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Engineers. Price 3/. 3J. half-morocco. 

List of the Piates and Dia^ams, 

NAMB AND DESCRIPTION. PLATES. NAMB OP BNGINBBR. 

Abbey Mills Pumping Stadon, Main Drainage, 

Metropolis x to 4 Mr. Bazalgette, CE. 

Barrow Docks 5 to 9 Messrs. M^^lean & StOlman, 

Manouis Viaduct, Santiago and Valparaiso [C.K 

KaUway 10,11 Mr. W. Loyd, CE. 

Adams' Locomotive, St Helcn's Canal Railw. 12, 13 Mr. H. Cross, CE. 
Cannon Street Station Roof, Charing Cross 

Kailway 14 to 16 Mr. J. Hawkshaw, C E. 

Road Bridge ovcr the River Moka. 17, 18 Mr. H. Wakefield, CE. 

Tel^raphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C E. 

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, CE. 

St. Germans Viaduct, Cornwall Railway .... 33, 24 Mr. Brunei, CE. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, CE. 

Millwall Docks 26 to 31 Messrs. J. Fowler, C.E., and 

WilliamWilson, CE, 

Mil*y*s Patent Excavator 32 Mr. Milroy, C E. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in- 

CKief. and Mr. T. M. 
Johnson, CE. 

Harbours, Ports, and Breakwaters A to c 

The Letterpress comprises — 

A concludiiig article on Harbours, Ports, and Breakwaters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the Wrought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Millwall Docks ; &c., &c., &c. 



Opinions of the Press, 

" Mr. Humber's ' Record of Modem Engineering' is a work of peculiar value, as 
well to those who design as to those who study the art of engineering construction. 
It embodies a vast amount of practicai information in the form of full descriptions and 
working drawings of all the most recent and noteworthy engineering works. The 
piates are excellently lithographed, and the present volume of the ' Record ' is not a 
whit behind its predecessors." — Mechanic^ Magazine. 

" We gladly welcome another year's issue of this valuable publication from the able 
pen of Mr. Humber. The accuracy and general excellence of this work are well 
4cnown, while its usefţilness in giving the measurements and details of some of the 
latest examples of engineering, as carried out by the most eminent men in the profes- 
âion, cannot be too highly prized." — Artizan. 

"The volume forms a valuable companion to those which have preceded it, and 
cannot fail to prove a most important addition to every engineering libcary." — Mining 
Journal, 

'* No one of Mr. Humber's volumes was bad ; all were worth their cost, from the 
mass of piates from well-executed drawings which they contained. In this respect, 
perhapB, this last volume is the most valuable that the author has produced."— /'rw^l 
/ura/ Af^Marwi y<ntrfiaL 
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Humbef^s Great Work on Bridge Constrtcction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practicai, and 
Descriptive. By William Humber, Assoc. Inst. C. E., and M. Inst. 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in Ihis edition), and numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. i6x. 6d. balf- 
bound in morocco. \Rectfitly pubîished. 



"A very valuable contribution to the standard literature of civil engineering. In 
addition to elevations, plâns, and sections, large scale details are given, which verv 
much enhance the instructive worth of these illustrations. No engineer would wif- 
lingly be without so valuable a fund of information." — Civil Engineer and A rchitecfs 
JoumaL 

^ '* The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction. These 
investigations are exceedingly complete, having evidently been very carefuUy con- 
sidered and worked out to the utmost extent that can be desired by the practicai man. 
l'he tables are of a very useful character, containing the results of the most recent 
experiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
trated bv numerous woodcuts, plates, and diagrams : and the plates in the second 
volume do great credit to both drauehtsmen and engravers. In conclusion, we have 
great pleasure in cordially recommending this work to our readers." — Artizan. 

" Mr. Humber's stately volumes lately issued— in which the most important bridges 
erected during the last five years, under the direction of the late Mr. Bnmel, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our 
most eminent engineers, are drawn and specified in great detaiU" — Engineer. 

Weale's Ejigineers Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR»S 
POCKET-BOOK (Lockwood & Co.'s; formerly Weale's). 
Publisbed Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price dr. 

'* A vast amount of really valuable matter condensed into the small dimen- 

sions of a book which is, in reality, what it professes to be — a pocket-book 

We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it wiM prove a handy book of reference on a variety of subjects more 
or less intimately connected with their profession. It might also be placed with 
advantage in the hands of the subordinate officers in collieries." — Colliery Guardian, 

•' The assignment of the late Mr. Weale's * Engineer' s Pocket-Book* to Messrs. 
Lockwood & Co. has by no means lowered the standard value of the work. It is too 
well known among those for whom it is specially intended, to need more from us than 
the observation that this continuation of Mr. Weale's series of Pocket Books well 
sustains the reputation the work has so long cnjoyed. Every branch of engineering 
istreated of, and facts, figutes, and data of every kind abound." — Mechanics' Mag. 

" It contains a large amount of infonnation pecuUarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally." — Mining Journal, 

Iron Bridges, Girders, Roofs, &c. 

THE APPUCATION OF IRON TO THE CONSTRUC. 
TION OF BRIDGES, GIRDERS, ROOFS, and other Works. 
ByFRANCis Campin, C.E. With numerous lUustrations. i2mo, 
cloth boards, 3J-. \3^^^ ^hlish*^ 
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Barlow on the Strength of Materials^ enlarged, 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rulcs for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined. Planes 
andgradients. By Peter Barlow, F.R.S., Mem. List. of France ; 
of Ae Imp. and Koyal Academies of St Petersburgh and Brussels ; 
of the Amer. Soc Arts ; and Hon. Mem. List. Civil Engineers. 
A New and considerably Enlarged Edition, revised by his Sons, 
P. W. Barlow, F.R.S., Mem, Inst. CE., and W. H. Barlow, 
F.R.S., Mem. of Council List C.E., to wbich are added a Siun- 
mary of Experiments by Eaton Hodgkinson, F.R.S., William 
Fairbairn, F.R.S., and David Kirkaldy; an Essay (with 
Illustrations) on the effect produced by passing Weights over 
Elastic Bars, by the Rev. Robert Willis, M.A., F.R.S. And 
Formulae for Calculating Girders, &c. The whole arranged and 
edited by William Humber, Assoc List CE., and Mem. List 
M.E., Author of ** A Complete and Practicai Treatise on Cast and 
Wrought-Iron Bridge Construction," &c. &c Demy 8vo, 400 pp., 
with 19 large Plates, and numerous woodcuts, price i&r. cloth. 

Opinions of the Press, 

** Tlus edition has undergoneconsiderable improvement, and has been brought down 
to the present date. It is one of the first books of reference in existence."— ^r/ÂM». 

'* Although issued as the sixth edition, the volume under consideration is worthy of 
being regarded, for all practicai purposes, as an entirely new work . . . the book 
is undoubtedly worthy of the highest commendation, and of an honourable place in 
the library of every engineer.**— J/iVtwi^ JoumcU. 

*' An increased value has been givQn to this very valuable work by the addition of 
a large amount of information, which cannot prove otherwise than highly usefid to 

those who require to consult it The arrangement and editmg of this 

mass of information has been underţaken by Mr. Humber, who has most ably fulfilled 
a task requiring special care and ability to render it a success, which this edition most 
certainly is. He has given the finishmg touch to the volume by introducing into it 
an iuteresting memoir of Professor Barlow, which tribute of respect, we are sure, will 
be appreciated by the members of the engineering profession.*' — Mechanic^ Magazine. 

"A book which no engineer of any kind can afTord to be without. In its present 
form its former value is much increased.'' — CoUiery Guardian. 

" The best book on the subject which has yet appeared. • • , . . We know of 

no work that so completely fumls its mission As a scientific work of the 

first class, it deserves a foremost place on the bookshelves of every civil engineer and 
practicai mechanic." — English Mechanic. 

** Ţhere is not a pupil in an engineering school, an apprentice in an engineei's or 
architect's office^ or a competent clerk of works, who will not recognise in the scientific 
volume newly given to circulation, an old and valued friend. . . So far as the strength 
of timber is concemed, there is no greater authority than 'Q9x\ow.*'~-BuiIding- Nrws. 

** It is scarcely necessary for us to make any comment upon the first portion of 

the new volume Valuable alike to the student, tyro, and experienced 

practitioner, it will alwavs rank in future, as it has hitherto done, as the standard 
treatise upon this particular subject" — Engineer. 

** The present edition offers some important advantages over previous ones. The 

additions are both extensive and valuable, comprising experiments by Hodgkinson on 

tiie strength of cast-iron ; cxtracts from papers on the transverse strength of beams by 

W, H. Barlow ; an article on the strength oţ coVusmas-, cx.^Tvm«xits by Fairbairn, on 

îion and stctl plates, on the bchaviout oî sade» scîQ\eK.Xfc^\.o^^N^T43âsscvţiC a. 
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Strains.Formulce &DiagramsforCalculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consistîng of Formulaeand CorrespondingDiagrams, 
with numerous Details for Practicai Application, &c. By WiLLiAM 
HuMBER, Assoc. Iiist. C.E., &c. Fcap. 8vo, with nearly icx) 
Woodcuts and 3 Plates, price 71. 6âf. clotlC 

'*To supply a universally recognised want of simple formulse, applicable to tihe 
varied problems to be met with in ordinary practice, Mr. Humber, whose works on 
modem engineerinz aflford sufficient evidence of his qnalifications for the task, has 
compiled his 'Handy Book.' The arrangement of the matter in this little volume îs 

as convenient as it well couid be The system of employing diagrams as a 

substitute for complex computations is one justly coming into great favour, and in that 
respect Mr. Humbo-'s volume is fully up to the ^m^.**-—£nginferin^. 

** The formulae are neatly expressoi, and the diagrams KO(^"—AMeiugum, 
** That a necessity existed for the book is evident, we uiink ; that Mr. Humber has 
achieved his design is equally evident. .... We heartily commend the really handy 
book to our engineer and architect TtSiătxs.**'^EHglish Mechanic, 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK ; 
with Practicai Remarks on Iron Construction. By F. W. Sheilds, 
M. Inst. CE. Second Edition, with 5 plates. RoyalSvo, 5^. cloth. 

CoNTBNTS. — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
unequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
Iar bracinş Loaded at centre ; Ditto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded ; Calculation of the Strains on Girders with trîangular 
Basings; Cantilevers ; Continuous Girders; Lâttice Girders; Girders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto; Bow and String 
Girders ; Girders of a form not belonging to any regular figure ; Plate Girders ; Ap- 
portionments of Material to Străin ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 

Construction of Iron Beams ^ Pillars^ &c. 

IRON AND HEAT, Exhibiting the Principles concemed in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Fumace. By James Armouk, 
CE. Woodcuts, l2mo, cloth boards, 3J. 6d, ; cloth limp, 2J. 6d. 

\yust pubUshed. 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c. 
By James Armour, CE. With 73 Diagrams. i2mo, cloth 
boards, 3^. 6^.; cloth limp, 2J. 6^. ^Jiat published. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practicai Astronom y, and Formulae and Tables for Facilitating 
their Calculation. By Major-General Fromil^ R.^^Is^^^'^^'sk- 
Geneml of Fortifications, &c. TViitd EAvCyotv, Twat^«cA.\TK5^xcsH^^- 
With 10 Plates and 1 13 Woodccite. îtjcs^îiN. %^o, '^•^- OvsieD.. 
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Hydraulics. 



HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULiE 
for imding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By JOHN Neville, Civil Engineer, M.R.LA. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. With nui;ne- 
rous Woodcuts, 8vo, i6x. cloth. 

♦^* This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for 6nding the mean velocity of discharge from triangular, quadri- 
lateral, and circular orifices, pipes, and rivers ; with experimental 
results and co-efficients ; effects of friction ; of the velocity ot 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short weirs, 
and weir-basins ; extent of back-water from weirs ; contracted 
channels; catchment-basins ; hydrostatic and hydraulic pressure; 
water-power, &c. &c 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford*s Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. CE. Fifth Edition, very carefully revised, with 
the addition of Mr. Law*s Practicai Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&f. dd, cloth. \* Trautwine on Curves, separate, price 5^. 

" One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume."— it/mm^ Journal. 

"The text-book on levelling in most of our engineering schools and colleges.'*— 
Engineer. 

"The publishers have rendered a substanţial service to the profession, especially to 
the younger members, by bringing out the present edition of Mr. Simms's useful work." 
*— Engineering, 

Tunnelling, 

PRACTICAL TUNNELLING ; explaining in Detail the Setting 

out of the Works ; Shaft Siuking and Heading Driving ; Ranging 

the Lines and Levelling Under-Ground ; Sub-Excavating, Timber- 

ing, and the construction of the Brickwork of Tunnels ; with the 

Amount of Labour required for, and the Cost of the various Por- 

tions of the Work. By Fredk. W. Simms, r.R.A.S., F.G.S., 

M. Inst CE., Author of **A Treatise on the Principles and 

Practice of Levelling," &c. &c. Second Edition, revised by W. 

Davis Haskoll, CWW E.Tv^TveeT, Kuxîtvox Ckl "The Engineer's 

F/eid-Booky " &c. &c. WiOcv 16 \3oc^e l^MMvţ^ 'î\aXfts. «cA\Men«.x^\i2» 

Woodcuts. Imperial Svo, ii. 15. t\o\Vv. 
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Strength of Cast Iron, âfc. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engineers, 
Iron-Masters, Millwrights, Architects, Founders, Smiths, and 
others engaged in the Construction of Machines, Buildings, &c. ; 
containing Practicai Rules, Tables, and Examples, founded on a 
series of New Experiments ; with an Extensive Table of the Pro- 
perties of Materials. By the late Thomas Tredgold, Mem. Inst. 
CE., Author of ** Elementary Principles of Carpentry," '* History 
of the Steam-Engine," &c. Fifth Edition, much improved. 
Edited by Eaton Hodgkinson, F.R.S. ; to which are added 
EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calculations Deduced from them, and 
Inquiries Applicable to Rigid and Tenacious Bodies generally. By 
the Editor. The whole lllustrated with 9 Engravings and nume- 
rous Woodcuts. 8vo, I2s, cloth. 

*»* HODGKINSON*S EXPERIMENTAL ReSEARCHES ON THE 

Strength and Other Propertiks of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price 6s, cloth. 

T/^e High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practicai Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst. CE., &c. &c. With 28 fine Plates, 
8vo, idf. 6d, cloth. 

** A work like this, which goes thoroughljr into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly u&eful, and deserves a place 
in every scientific library. "—%$■/*«»» Shipping Chrvnicu, 

Tables of Curves. 

TABLES OF TANGENŢIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. CE. Printed on 48 Cards, ănd sold in a 
cloth box, waistcoat-pocket size, price 3j. 6d, 

** Each table is printed on a small cârd, which, beîng placed on the theodolite, leaves 
the hands free to manipulate the instrument — no small advantage as regards the rapidity 
of work. ITiey are clearly printed, and compactly fitted into a small case for Ăe 
pocket — an arrangement that will recommend them to all practicai men.'* — Engineer. 

** Very handy : a man may know that all his da^s work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest hfhind."'^AtAefueum, 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING 0\J'î dY^<:L\rs^v;s. 

CV^YES for R AILRO ADS. By W^ C. '1^k»tn^\^^ Q-:^... 
of the Vnlieă States (extracted Crom Sim-I^^'^^wVqtv^S^n^C^sîsnj^- 
^vo, 5J-. sewed. 
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Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S EŞTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, Tramways, Docks, Harbours, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses, &c. &c. &c. 
With Specifications for Permanent Way, Telegraph Materials, 
Plant, Maintenance, and Working of a Railway ; and a Priced List 
of Machinery, Plant, Tools, &c. , required in the execution of Public 
Works. By W. Davis Haskoll, CE. Plates and numerous 
Woodcuts. Published annually. Demy 8vo, cloth, dr. 

As fumishine a variety of data on every conceivable want to civil engineers and 
contractors, this book has ever stood perhaps unrivaBled."— /în:Ă«Vtf<:/, Jan. 21, 1871. 

** The care with which the particula» are arranţ^ed reflects credit upon the audior^ 
each subject being divided into tables under their own special heads, so that no 
difficulty arises in finding the exact thinţ; one wants. The value of the work to the 
student and the experienced contractor is inestimable." — Mechanic*s Mtig. , Feb. 3. 

'* Mr. HaskoU ha!s bestowed very great care upon the preparation of his estimates 
and XMices, and the work is one which appears to us to be in every way deserving of 
confidence." — Buildet's Weekly Reporter^ Jan. 27, 1871. 

Surveying (Land and Marine), 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E., 
Author of "The Engineer's Field Book," ** Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price I2J, dd. dotS, 
with 14 folding Plates, and numerous Woodcuts. 

" * Land and Marine Surveying' is a most useful and well arranged book for the 
aid of a student .... We can strongly recommend it as a carefully-written 
and valuable text-book." — Builder^ July 14, 1868. 

" He oniy who is maşter of his subject can present it in such a way as tb make it 
intelligible to the meanest capacity. It is in this that Mr. Haskoll excels. He has 
knowledge and'experience, and can so give expression to it as to make any matter on 

which he writes, clear to the youngest pupil in a surveyor's office The 

work will be found a useful one to men of experience, for there are few such who will 
not get some good ideas from it ; but it is indispensable to the yotmg practitioner."—* 
CoUiery Guardian^ May 9, x868. 

" A volume which cannot fail to prove of the utmost practicai utility It 

is one which may be safely recommended to all students who aspire to become clean 
and expert surveyors ; and from the exhaustive manner in which Mr. Haskoll has 
placed hb long experience at the disposal of his readers, there will henceforth be no 
excuse for the complaint that young practitioners are at a disadvantage, through the 
neglect of their seniors to point out tne importance of minute details, since they can 
readily suppiy the deficiency by the study of the volume now under consideration«"*— 
Mining Joufnal^ May 5, 1868. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 

appJied to Land and Hydraulic, Hydrographic, and Submarine 

Surveying and LeveUmg. Secoivd"£d\l\.oii,revised, with consider- 

able additions, and a S\ii?i?\emeiAa.rj No\\«afc ^w^K^^ll- 

WORKS, SEWERS, SE.VJ^G^, «^veLm^^^.'l\o:^, ^n^. 

Davis Haskoll, CE. -NMmetoxx^ ^v5^^^^^>^>^f * . ^^^"^ ^^""^ "^ 

vols. in one, cloth boards, 1/. 1^. ^^ubXvs^^^'l ^^ ^l. V•^ 
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Fire Engineering. 



FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Manual and Steam Fire-Engines, theîr Construc- 
tion, Use, and Management ; Remarks on Fire-Proof Build- 
ings, and the Preservation of Life from Fire ; Statistics of the Fire 
Appliances in English Towns ; Foreign Fire Systems ; Hints for 
the formation of, and Rules for, Fire Brigades ; and an Account of 
American Steam Fire-Engines. By Charles F. T. Young, C.E., 
Author of **The Economy of Steam Power on Common Roads," 
&C. With numerous Illustrations, Diagrams, &c., handsomely 
printed, 544 pp., demy 8vo, price i/. 4J. cloth. . 

" A large well-iilled and useful book upon a subject which poss^ses a wîde and 

increasine public interest To such of our readers as are interested in the 

subject ofnres and fire apparatuswe can mostheartilycommendthis book. • . . . 
It is really the only English work we now have upon die sxikt^txX,**—'Engineefii^. 

** Mr. Young has proved by his present work that he is a good engineer, and pos- 
sessed of sufficient lîterary energy to produce a very readable and interesting volume." 
— Engineer. 

"A volume which must be reearded as the text-book of its subject, and which in 
point of interest and intrinsic value is second to no contribution to a special depart- 
mcnt of history with which we are acquainted. * Fires, Fire-Engines, and Fire 
Bri^des' is the production of an eamest and diligent writer who comes to the task he 
has undertaken with a thorough Iove of it, and a firm determination to do it justice. 

.... The style of the^ work is admirable It has the surpassing 

merit of being thoroughiy reliable." — Insurance Record. 

" Great credit is unquestionably due to Mr. Young for having brbught before the 
public the results of his exploration in this hitherţo imtrodden neld. We stro^ly 
recommend the book to the notice of all who are in any way interested in fires, fire* 
engines, or fire-brigades.'* — Meckanics^ Magazine» 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By WiLLiAM MoRGANS, Lecturer on Prac- 
ticai Mining at the Bristol School of Mines. i2mo, 3^. 6d, WiA 
an Atlas of Platos, containîng 235 Illustrations. 4to, 6j. [Râody, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex, J. S. Graham, 
CE., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s, 6d, cloth. 

** We can cordîally recommend the work to the notice of our rcsiders "Sitildmg 

News. 

** As a realIy handy book for reference, we know of no work equal to ît r and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will nnd a great amount of practicai information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
requured in the engineers' contractor's offices.*' — Artizan. 

" The object of this little book is an investîgation of all the principles requlsîte for 
the measurement and calculation of earthworks, and a considerationof thedaiba.^«j»s^ 
sary for such operations. The author has cwideiv^-v \>esXfiwt^TDS\Oa. t-a^ >!!Be «SSftsîâsist 
this object, and points out with much deamess \!fcit tc&vXXs ot \â& wra. ^^S^^Tw'^^^- 
derived from practicai experience. The sub\ccts tteaXftâL ol «c^ ^<^\x»5«»as^xs«i -«^ 
cxecuted diagrams and instructive examples?'— Anny and Nawy Gaxette. 
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Field-Book for Engineers. 



THE ENGINEER»S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Civil 
Engineer. Second Edition, much enlaiged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangenţial Angles and Multiples with Rigbt 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangenţial Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep cal- 
culated for every 6 inches in deptli. With numerous wood-cuts, 
i2mo, price \2.s, cloth. 

"A vcry iiseful work for the practicai engineer and surveyor. Every person 
engaeed in engineering field^ operations will estimate the importance of such a work 
and the amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fufaiess of those given in this volume." — Rail- 
wny News. 

"The book îs very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the same." — Athenaum, 

" The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.' — Jl/z>fi«^ 
Jdumah 

" We know of no better field-book of reference or coUection of tables than that 
Mr. Haskoll has given." — Artizan. 

" A series of tables likely to be very useful to many civil engineers." — Buiîding News. 

I' A very useful book of tables for expediting field-work operations. . . . The present 
edition has been much enlarged." — Mechanics' Magazine. 

" We strongly recommend this second edition of Mr. HaskoU's * Field Book' to all 
dasses of surveyors." — Colliery Guardian. 

Railway Engineering, 

THE PRACTICAL RAILWAY ENGINEER. A concise 
Description of the Engineering and Mechanical Operations and 
Structures which are combined in the Formation of Railways for 
Public Traffic ; embracing an Account of the Principal Works exe- 
cuted in the Construction of Railways ; with Facts, Figures, and 
Data, intended to assist the Civil Engineer in designing and executing 
the important details required. By G. Drysdale Dempsey, CE. 
Fourth Edition, revised and greatly extended. With 71 double 
quarto Plates, 72 Woodcuts, and Portrait of George Stephenson. 
One large voi. 4to, 2/. I2j. 6</. cloth. 

Harbours. 

THE DESIGN and C0îîSTI^\3eT\0^ oC RARBOURS. By 

ThOMAS StEVENSON, ¥.R.S.¥..,M.\.Ce.. ^ft^xvo.\.^$i. ^^A ^^ 
laz^ed from the Article "HatbowTs," \tvV\vt^\^vV^^vâ^^^1^^;YV^ 
JEu^cIop^dia Britannica." ^itVv 10 Y\^'^es i^x.^ xv>^^x^>^ ^>o.ns.. 
8vo, JOS, 6^. cloth. 
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Bridge Construction in Masonryy Timb^r^ and 
Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, CE. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. I2s, dd, 
half-morocco, 

" One of the very few works extant descending to the level of ordinary routine, and 
treating on the common cvery-day practice of the railway engineer. ... A work of 
the present nature by a man of Mr. HaskoII's experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its value. " — Engitteering. 

" We must express our cordial approbation of the work just issued by Mr. Haskoll. 
.... Besides examples of the best and most economical forms of bridge construction, 
the author has compiled a series of estimates which cannot fail to be of service to the 
practicai man. . . . The examples of bridges are selected from those of the most notable 
construction on the difTerent llnes of the kingdom, and their details may consequently 
be safely followed." — Railway News. 

"A verv valuable volume, and may be added usefully to the libniry of every young 
engineer. —^«//<(^!pr. 

"An excellent selection of examples, very carefully drawn to useful scales of pro- 
portion. " — A riizan. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. ByFREDERiCK W. SiMMS, F.G.S., M. 
Inst. CE., Author of "Practicai Tunnelling," &c. &c. Third 
Edition, with a Description of the Theodolite, togeţher with Instruc- 
tions in Field Work, compiled for the use of Students on commenc- 
ing practice. With niunerous Cuts. i2mo, price 3J. 6âf. cloth. 

Oblique Arckes. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price &r. cloth. 

%* The small remaining stock of this Tvork, which has been un- 
ohtainablefor sometime^ has just been purchasedbylX)CKWOOl> & Co. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 laige folding Plates. By Geo. Watson 
BucK, M. Inst. CE. Second Edition, corrected by W. H. 
Barlow, M. Inst. CE. Imperial 8vo, I2J. cloth. 

*' The standard text-book for all engineers regardinţ skcw arcKei^ \& Mx. "^NssSil^ 
treatisc, and it woxild be impossible to consult a\«X,l«t." — Engineer. 
\'A very complete treatise on the subject, te-ctfvled\i^^T/«.«cVw,^^^^^^ 
to it a method of makine the reqiusite ca\cu\al\oti&Hât:tvavaS.^*^aafc *^^ xsvksmso^ 
formulat."— Builder. 
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WeaUs Sertes of Rudimentary Works. 

These hUhly popular and oheap Serlea of Books, now oomprising 
npwarda of Two Hundred and Tifty distinct Wdrka In idibostil; every 
d«partm«nt of Bolence, Art, and Xditoatlon, are şeoommenţled^ to the 
notioo of Xngineera, Archite^, BnUdera, Artisani^ and Stn^en^ gene- 
rally, as well as to those .Intereatşjl in Wor)anAn*s IiibrfuleSi Free 
Iiitoaxlss, Iiiterary and Solexiiific Instttiiţiox^, Collj^es, S^{}^ş/fioienoe 
dasses, Ac., ftc Ijists of thc scYerai Serios 'maytte liad .oiirBpp}loation 
to liOOKWOOD ft OO. * "-^ ^ 

The following is a SeUdion of the Works on Civil Engineering: — 

STEAM ENGINE. By Dr. Lardneb. m. 

TUBULAR AND IRON GIRDER BRIDGES, including the Britannia and 
Conway Bridges. By G. D. Dbmpsey. xs. 6d. 

STEAM BOILERS, their Constructioa and Management. By R. Armstrong. 
With Additions. zx. 6d. 

RAILWAY CONSTRUCTION. By SiR M. Stkphenson. New EdOian, a*. U. 

STEAM ENGINE, Mathematical Theory of. By T. Baker. ». 

ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES. 
By a Practidd Engineer. Revised by D. F. McCarthy. 3*. 

LIGHTHOUSES, their Constniction and lUumination. By Alan Stbvenson. yi. 

CRANES AND MACHINERY FOR RAISING HEAVY BODIES, the Art of 
Constructing. By J. Glynn. xs. 

CIVIL ENGINEERING. By H. Law and G. R. Burnell. New Edition, 5*. 
DRAINING DISTRICTS AND LANDS. By G. D. Dempsey. xs.td. ) The 
DRAINING AND SEWAGE OF TOWNS AND BUILDINGS. By f avols. ini, 
G. D. Dbmpsey. 2*. J 3^« 

WELL-SINKING, BORING, AND PUMP WORK. By J. G. Swindbll; 
Revised by G. R. Burnell. xs, 

ROAD-MAKING AND MAINTENANCE OF MACADAMISED ROADS. 
By Gen. Sir J. Burgoynb. xs. 6d. 

AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE POWERS, 
FIELD MACHINES, MACHINERY AND IMPLEMENTS. By G. H. 
Andrews, CE. y, 

ECONOMY OF FUEL. By T. S. Prideaux. xs. 6d. 

EMBANKING LANDS FROM THE SEA. By J. Wiggins. ax. 

WATER POWER, as applied to Mills, &c. By J. Glynn. 2J. 

GAS WORKS, AND THE PRACTICE OF MANUFACTURING AND 
DISTRIBUTING COAL GAS. By S. Hughes, CE. 3S. 

WATERWORKS FOR THE SUPPLY OF CITIES AND TOWNS. By S. 
Hughes, CE. 3*. 

SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARIATION 
OF THE NEEDLE. By T. Fenwick, with Additions by T. Baker. sj. 6d. 

CIVIL ENGINEERING OF NORTH AMERICA. By D. Steyenson. y. 

HYDRAULIC ENGINEERING. By G. R. Burnell. y. 

RIVERS AND TORRENTS, with the Method of Regulating their Course and 
Chamiels, Navigable Canals, &c., from the Italian of Paul Frisi. ax. 6d. 

COMBUSTION OF COAL AND THE PREVENTION OF SMOKE. By 
C. Wyb Williams, M.I. CE. 3J. 

WATER POWER, as applied to MA\s, &c. "By "X- 0\.x^«. ax. 
MARINE ENGINES AND STEAM VE.S.SEI.Sk^'dtws.'&C'KE^N. ^^^t^^^^-t 
MvRRAY,C.E. Fi/th Edition. 35. 
JENGINEER'S GUIDE TO TH^ ^^^^VŞ^^^Î^^^'^'^^^^'^^^^'^- 
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ARCHI TECTUR E, &C. ~ 

• ' 

Construction. 

THE SCIENCE of BUILDING : an Elementary Treatise on 
the Principles of Construction. Especially adapted to the Re- 
quirements of Architectural Students. By E. Wyndham Tarn, 
M.A., Architect. Illustrated with 47 Wood Engravings, Demy 
8vo, price 8j. 6d. cloth, \Recently published, 

*' A very valuable book, which we strongly reeommend to all students."— ^^»<7âfifr. 

*' A modest and valuable book of reference for the student. . . . The formulae will 
be found perfectly intelligible and available by the dass for wfaom they are inteoded.** — 
Athenceunt, 

*'While Mr. Tarn's valuable little volume is quîte sufficioitly scientific to answer 
the purposes intended, it is written in a style that will deservediy make it popular. 
The diaerams are numerous and exceedingly well executed, and the treatise does 
credit alHce to the author and the pubUsher.' — £«^«<r^ Feb. 17, 1871. 

" No architectural student should be without this hand-book of coostructioinal 
knowledge.*' — Architect, 

''The book is very far from being a mere compîlatîon ; it is an able digest of 
Information which is oniy to be found scattered thrpugh various works, and .contains 
more really original writing than many putting forth far stronger claims to orieinaUty. 
.... Mr. Tarn has done his work ezceedizţş^Iy well, and ne has produced a book 
which ought to eam him the thanks of all architectural students."-— t^Mjf^m^erm;^'. 

Beatons Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimatîng the various parts 
of a Building collectively, more especially appHed to Carpenters' 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of ' Quantities and 
Measurements.' 33 Woodcuts. Leather, waistcoat-pocket size. 2J-. 

\Ready, 

vuia Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; bdng a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specincations and Estimates. By C, WiCKES, Architect, 
Author of " The Spires and Towers of the Mediseval Churches of 
England," &c. First Series, consisting of 30 Plates ; Second 
Series, 31 Plates. Complete in i voi., 4to, price 2/. iar. half 
morocco. Either Series separate, price li. *is, each, half morocco. 
" The whole of the designs bear evidence of their being the work of an artistic 

architect, and they will prove very valuable and suggestive to architects, students, and 

amateurs." — Building News, 

The Architect' s Guide. 

THE ARCHITECT'S GUIDE ; or, Office and Pocket Com- 
panion for Engineers, Architects, Land and Building Surveyors, 
Contractors, Builders, Clerks of Works, &c By W. Davis 
Haskoll, ce., R. W. Billings, Architect, F. Rogers, and 
P. Thompson. With numerous Experiments by G. Rennie, 
C.E., &c. Woodcuts, i2mo, cloth, price 3^. 6d, 

Vitruviu^ Architecture. 

THE ARCHITECTURE OY ^K^Oi'^» ^X^"^KSS^^\ 
POLLIO.. Translated by 3os^Y«. Ovî\\.t, '¥»'5i,K,.» ^:^.K.'^. 
A^umerous Plates. i2mo, cloOi "iimp, ^fic^ V» 
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The Young Architecfs Book. 

HINTS TO YOUNG ARCHITECTS ; comprising Advice to 
those who, while yet at school, are destined to the Profession ; to 
such as, having passed their pupilage, are about to travel ; and to 
those who, having completed their education, are about to practise. 
By George Wightwick, Architect, Author of " The Palace of 
Architecture,** &c. &c Second Editiou. With niunerous Wood- 
cuts. 8vo, 7x., extra cloth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, 7^. 6^., boards. 

CoNTBNTS. — I. Practicai Rules on Drawing — Outiines. II. Ditto — the Grecian 
and Roman Orders. III. Practicai Rules on Drawing — Perspective. IV. Practicai 
Kules on Light and Shade. V. Practicai Rules on Colo^r, &c &c. 

Drawing for Engineers, &c. . 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, South Kensington. With upwards of 300 Plates and 
Diagrams. i2mo, cloth, strongly bound, 4J. 6d. [ T/iis day» 

CottageSy Villas, and Country Houses, 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES ; being the Studies of several eminent 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each. 
In 4to, with 67 plates, price l/. u., cloth. 

Weale^s Builders and Co7itractor's Price Book. 

THE BUILDER'S AND CONTRACTOR'S PRICE BOOK 

(I.OCKWOOD & Co.'s, formerly Weale's). Published Annually. 

Containing Prices for Work in all branches of the Building Trade, 

with Items numbered for easy reference, and an Appendix of 

Tables, Notes, and Memoranda, arranged to afford detailed infor- 

mation, commonly required in preparing Estimates, &c. Originally 

Edited by the late Geo. R. Burnell, C.E., &c. l2mo, 4^., cloth. 

" A multitudinous variety of useful information for builders and contractors 

With its aid the prices for sJL work connected with the building trade may be esti- 
matcd. " — Building News. 

**Carefully revised, admirably arranged, and clearly printed, iţ offers at a glance a 
ready method of preparing an estimate or specifîcation upon a basis that is unquestion- 
able. A reliable book of reference in the event of a dispute between employer and 
employed. " — Engineer, 

*' Well done and reliable. It is the duty of a just critic to point out where any 
improvement can be made in any work, but Mr. Burnell has anticipated all objecdons 
în nis clearly-printed book. We therefore recomniend it to all branches of the pro- 
fessîon. "—Eft£^lish Mechanic. 

"Mr. BumeU has'omitted nothine from tVivs -wotV. xVaX could tend to render it 
valuabJe to the builder or contractor.' — Mechanic^ s Magazine, 
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Handbook of Specifications. 



THE HANDBOOK OF SPECIFICATIONS ; or, Pracrical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
lUustrated by Precedents of Buildings actually executed by eminent 
Ardiitects.and Engineers. Preceded by a Preliminary Essay, and 
Skeietons of Specifications and Contracts, &c., &c, and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
CoUege, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law of 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of iioopp. ot 
text, and 33 Lithographic Plates, cloth, 2/. 2s, (Published at 4/. ) 

'* In thesetwovolumesof x,xoo pages (together), forty-four specifications of executed 
works are given, including the specif^ations for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The 
latter, in particular, is a very complete and remarkable document It embodies, to a 
great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description 
of the work^' and occupies more than xoo printed pages. 

" Amongst the other known buildings, the specincations of which are given, are 
the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra- 
ham) ; the City Prison, HoIloway(Bunninff) ; the High School, Eldinburgh (Hamilton) ; 
Clothworkers' Hali, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ; 
Houses in Grosvenor Square, and elsewhere ; St George's Church, IDoncaster 
(Scott) ; several works of smaller size by the Author, including Messrs. Shaw's Ware- 
huuse in Fetter Lane, a very successful elevation ; the Newcastle-upon-Tyne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New- 
castle (R. Stephenson} ; various works on the Great Northern Railwav (Brydone) ; 
and one French specification for Houses in the Rue de Rivoli, Paris (AlM. Armând, 
Hittorff, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupyine sevenţy pages. The majority of the specifications have illus- 
trations in the shape of elevations and plans. 

*' We are most glad to have the present work. It is valuable as a record, and more 
valuable still as a book of precedents. 

" About X40 pages of the second volume are appropriated to an exposition of the 
law in relatk>n to the legal liabilities of engineers, architects, contractors, and builders, 
by Mr. W. Cunningham Glen, Barrister-at^law ; intended rather fur those persons 
than for the legal practitioner. Suffice it, in conclusion, to say in words wnat our 
readers will have eathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought1>y all architects."-— ^M/^irr. 

Mechanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : coniprising Metalliirgy, Moulding, Casting, Forging, 
Tools, Workshop Machineiy, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By Francis 
Campin, ce. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching^ Şheariijg, and Riveting 
Machines — Blast, Refining, and Reverberatory Fumaces — Steam 
Engines, Govemors, Boilers, Locomotives, &c. Demy 8vo, cloth, 
price I2r. 
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Granthams Iron Ship-Building^ enlarged. 

ON IRON SHIP-BUILDING ; with Practicai Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlaiged from 24 to 40 
Plates (21 quite new), induding the latest Examples. Together 
with separate Text, l2mo, doth limp^ also considerably enlarged, 
By John Grantham, M. Inst. CE., &c Price 2/. 2j. complete. 



Description of PlaUs, 



z. 



3. 



4a. 

s. 



8. 



10. 



II. 

13. 



33. 



14. 



35. 



I5rt. 



Hollow and Bar Keds, Stern and 
Stern Posts. [Pieces. 

Side Frames, Floorinzs, and Bilge 

Floorings coniinued-'^eiAsonSt Deck 
Beams, Gunwales, and Stringers. 

Gunwades amtittued — Lower DeckS} 
and Oriop Beams. 

Gunwales and Deck Beam Iron. 

Angle-Iron, T Iron, Z Iron, Bulb 
Inni, as RoUed for Building. 

Rivets, shown in secdon, natural size ; 
Flush and Lapped Joints, with 
Single and DouDle Riveting. 

Plating, three plsuis ; Bulkheads and 
Modes of Securin^ them. 

Iron Masts, with Longitudinal and 
Transverse Sections. 

Slîdinff KeeU Water Ballast,Moulding 
the Frames in Iron Ship Building, 
Levelling Plates. 

Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

Midship Sections of Three Vessels. 

Large Vessels showing Details — Fore 
End in Section, and End View, 
with Stern Post, Crutches, &c. 

Large K?wtf/,8howing Details — -^ft^ 
End in Section, with End View, 
Stern Framefor Screw, and Rudder. 

Large K«jtf/, showing Details— iWfttf- 
ship Section/^a\l breadth. 

Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

Beam-Bending Machine, Indepen- 
dent Shearing, Funching and Angle- 
Iron Machine. 



15^. DouUe Lever Punching and Shearing 
Machine, arranged for cutting 
Angle and T Iron, with Dividing 
Table and Engine. 

16. JlfdŢA/M^i.—- Garforth's Rivetine Ma- 

chine, Drilling aud Counter-Sinkbg 
Machine. 
t6a. Plate Planing Machine. 

17. Air Fumace for Heatine Plates and 

Angle-Iron : Various Tools osed in 
Riveting and Platine. 

18. Gumwale ; Keel and Flooring ; Plan 

for Sheathing with Copper. 
i2a, Grantham'sImprovedPuuiof Sheathr 
ing Iron Ships widi Coppet. 

19. niustrations of the Ma^pnetic Condi- 

tion of various Iron Ships. 
so. Gray's Floating Compass and Bin- 
nacle, with Adjusting Magpets, &c. 
31. Corroded Iron Boit in Frame of 

Wooden Ship ; Jointing Phites. 
33-4. Great Eastem — Longitudinal Sec- 
tions and Half-breadth Plans— Mid- 
ship Section, with Details — Sectira 
in Engine Room,andPaddleBoxes. 
35-6. Paddie Steam Vessd of Steel. 
37. ScarbroMgk-''Psi6â!L^ Vessel of Steel 
38-9. Proposed Passenger Steamer. 
Fersian-'lTOTi Screw Steamer. 
Midship Section of H.M. Steam 

Frieate, Warrior. 
Midship Section of H.M. Steam 

Frigate, Hercules, 
Stem, Stern, and Rudder of H.M. 

Steam Frig;ate, Bellero^hon. 
Midship Section of H.M. TroopShip, 

Serapis. 
Iron Floating Dock. 



SO- 
32. 
33- 
34. 
35- 



** An eniarged edition of an elaborately illustrated work." — Builder^ July 11, 1868. 

" This edition of Mr. Grantham's work bas been enlaiged and improved, both widi 
respect to the text and the engravings being brought down to the present period. . . . 
The practicai operations required in producmg a tipare describedand Ulustrated with 
care and precision." — Mectutnics* Magazine^ July 17, 1868. 

" A thoroughly practicai work, and every question of the many în relation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
nterests attached to them, is treated with sober and imparţial wisdom and eood sense. 
. ... As good a volume for the instruction of the pupil or student ofiron naval 
arch/tccturc as can be found in auy language."— Prtfc/ftCtf/ Mechanic*s Journal, 
Augustf 1868. 
"A very elaborate "Work. . . . It îottns sl mo?x Nţ\\isiîc\^ ^^^^av!k.\a ^Xv<t hîstory 
of iron shipbuilding, wlule its\iaving'beetv vtepaJc^^Vî wMtNi\tf>\»a&TSMAfeiâafc«^>jB\ 
his study for xnany years, aad wVvoae cvvxaVvîicauotvş \a.N't\jţ«B. Tre^e^«Ş« t^cw^jî^ 

onaN'avy Gazette, July xx, xB68. 



WORKS PUBLISHED BY LOCKWOOD & CO. 19 

CARPENTRY, TIMBER, &C. 

4 

TredgolcTs Carpentry^ new & enlarged Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
CE. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (11 of which now first appear 
in this edition), rortrait of the Author, and several Woodcuts. In 
I voi., 4to, published at 2/. 2j., reduced to i/. 5^., cloth. 

** ' Tredgold*s Carpentry* ought to be in every architect's amd every builder's 
library, and those who do not already possess it ought to avail themselves of the new 
issue. ' — Buiider, April 9, 1870. 

A work whose monumental excdience must commend it wherever skilful car- 
pentry is concemed. The Author's princîples are rather confirmed than impaired by 
time, and, as now presented, combine the surest base with the most interesting display 
of progressive sdence. The additional plates are of great intrinsic yzlneJ'—Builatf^ 
NewSy Feb. 25, 187a 

'"Tredgold's Carpentry' has ever held a high position, and the issue of the fifUi 
edition, in a still more improved and enlaiţ^ed form, will ^ve satisfaction to a very 
laree number of artîsaiis who deşire to raise themselves m their buâness, and who 
seek to do so by displaying a greater amount of knowledge and intelligence than their 
fellow-workmen. It is as complete a work as need be desîred. To the superior 
workman the volume will prove mvaluable ; it contains treatises written in language 
which he will readily comprehend." — Mining Journal, Feb. 12, 187a 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By Richard E. 

Grandy. Comprising : — An Analysis of Deal Standards, Home 

and Foreign, with comparative Values and Tabular Arrangements 

for Fixing Nett Landed Cost on Baltic and North American Deals, 

including all intermediate Expenses, Freight, Insurance, Duty, &c., 

&c. ; t(^ether with Copious Information for the* Retailer and 

Builder. i2mo, price 71. 6rf. clotK 

" Everything it pretends to be : buiit up gradually, it leads one rom a forest to a 
trenail, and throws in, as a makeweieht, anost of material conceming bricks, columns, 
cistems, &c. — all that the class to whom it appeals requires." — English Mechanic. 

*' The only difficulty we have is as to what is. not in its pages. What we have tested 
of the c(mtents,taken at xandom, is invariablycorrect." — lUttstraiedBuildei^s Joumalf 

Tabhsfor Packing-Case Makers. 

PACKING-CASE TABLES; showmg the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. Compiled by WlLLlAU 'Ric^.k'KD^Q^, Ksyy^kxsss^asîs., 
Oblong 4to, cloth, price 3J. 6rf. 
Wm save much labour and calculation to pacVâxvs-casft tnaO«» «A 'Q^i^^;^^ ) 



// 



packins-cases. "—Grvcer, «« Invaluable UbouT-savca^ taCbVsC' 
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Nicholsofis Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquirîng a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitei^ F.S.A., together with Practicai Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. \s, cloth. 

Dowsin^s Timber Merchanfs Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersbuigh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertainmg the Price of Scantling per Lineal 
Foot of any size, to any ţ[iven Figure per Cube Foot. Also a 
variety of other valuable mformation. j3y William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, 3J. cloth. 

" Everything is as concise and clear as it can possibly be made. There can b« no 
doubt that every timber merchant and builder ougnt to possess it,because suchpossession 
wouid, with use, unquestionably save a very great deal of time, and, morecver, ensuit 
perfect accuracy in calculations. There is al»> another class besides these who ougfat 
to possess it ; we mean all persons engaged in carrjring wood, where it is requisite to 
ascertain its weight. Mr. Dowsing's tables provide an easy means of dotng thi& 
Indeed every person who has to do with wood ought to have iL" — Huli Advertiser. 



MECHANICS, &c. 

♦ 

Mechanics Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
ticai Data and Calculated Results. By W. Templeton, Author 
of **The Engineer's, Millwright's, and Machinist's Practicai As- 
sistant." Tenth Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practicai Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, V- ^<^^^^ {Just published. 

"As a text-book of referetvcc, \TV"Wh\c\i. mec\\a.mc2\ «lTv^ cOTKmwcsA ^«oB)as!id& are 
Judiciously met, Tbmpleton'sComi» xuioi* sXaLndswxMcvN^j^Vt^r — MecKanici M.a|^w.v«. 

"Admi«bly adapted to A^a^ oj ^Sl'S^.^wtS;^^^--- -"^>-^ 
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Engineers Assistant. 

THE ENGINEER'S, MiLLWRIGHT'S, and MACHINISTS 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. 4thEdition. i8mo, 2s,6d, cloth. 

*' So much varied iuformation compressed into so small a space, and published at a 
price which places it within the reacn of the humblest mechanic, cannot fail to com~ 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers." — Mechantcs* Magazine, 

" Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made.'* 
— BuUding News, 

Designingy Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for takingDimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memorauda for the Valuation of Labour and Materials in the res- 
pective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wyndham Tarn, M.A., Architect. 8vo, 
lOJ. 6^. cloth. \_yust published^ 

" This useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutelynecessary to be luiown."* — ThelrishBttUder, 

" The book is well worthy the attention of the student in architecture and surveying, 
as b}r the careful study of it his progress in his professîon will be much facilitatea."— 
Mining Journal^ Feb. 11, 1871. 

" >Ve have failed to discover anythîn? connected with the building trade, from cx- 
cavating foundations to bell-hanging, uat is not fully treated upon in this valuable 
work.** — The Artizan^ March, 1871. 

" Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amount of information relating to 
the technicalities and modes of construction employed în the several branches of the 

building trade From the extent of the information which the volume 

.embodies, and the care taken to secure accuracy in every detail, it cannot fail to prove 
of the highest value to students, whether training in the offices of provincial surveyors« 
or in those of London practitioners." — Colliery Guardian^ February loth, 1871. 

" Altogether the book is one which well fulfils the promise of its title-paţe, and we 
can thorouşhly recommend it to the class for whose use it has been compiled. Mr. 
Tam's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students. Finally, it is only just to the pub- 
lishers to add that the book has been got up in excellent style, the typography being 
bold and clear, and the plates very well executed." — Engineering^ Mardi 24, 1871. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 mdwes» ■\w\«asgvisv> 
by I to 108 inches in breadth. For t\ve\3Lseol KTOKsXfcc.\s,,^>Mx^|^'^'» 
Engineers, Timber Mercliaiits, "Bmld^ts, &lc. ^^ ^ic*.^ Vlk^- 
KJNGS. Fcp. 3s. 6d. cloth. 
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MATHEMATICS, &c. 

Gregor^s Practicai Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common. 
place Book of Fure and Mixed Mathematics. Designed chiefiy 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics— comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Lc^rithmic and other Tables. By Olinthus Gregory, 
LL.D., F.R. A.S. Enlarged by Henry Law, CE. 4th Edition, 
carefully revised and corrected by J. R, Young, fonnerly Profes- 
sor of Mathematics, Belfast College ; Author of **A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. is. dodh 

' " As a standard work on mathematics it has not been excelled." — Artizan, 



ti 



The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may arise in lus practice. As a moderate acquaint- 
ance with arithmetic, algebra, and elementary geometrjr is absolutdy necessary to the 
proper understanding 01 the most tiseful portions of this book, the author very wisely 
nas devoted the fifst three chapters to those subjects, so that the most ignorant may be 
enabled to maşter the whole of the book, without aid from any other. The rules are in 
all cases explained by means of examples, in which every step of the process is clearly 
worked out." — Btiilder. 

** One of the most serviceable books to the practicai mechanics of the coxmtry. . . 
The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who 
revised it thoroughly, re-wrote many chapters, and added several sections to thosc 
which had been rendered imperfect by advanced knowledge. On examining tbe various 
and many improvements which he introduced into the work, they seem aîmost like a 
new structure on an old plan, or rather like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets the larger requirements of moaem 

times In the edition just brought out, the work has again been revised by 

Professor Young. He has modemised the notation throughout, introduced a fcw 
paragraphs here and there, and corrected the numerous typographical errors which 
nave escaped the eyes of the former Editor. The book is now as complete as it is 

possible to make it We have carried our notice of this book to a greater 

length than the space allowed us justifîed, but the experiments it contaîns are so 
interestinţ, and the method of describing them so clear, that we may be excused for 
overstepping our Urnit. It is an instructive book for the student, and a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them." — Building News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DowLiNG, C. E, 8vo, los, 6d, strongly bound. 

** Mr. Dowling's Tables, which are well put together, come just în tîme as a ready 
recJconer for the conversion of one system into the other." — Atherueutn. 

"The'iT accuracy has been ceTtÂfved "bv "Ptoţes&ot Karj^^ÎMt ^^tcotiomer RoyaL"— 
JStiilder. 

"Resolution 8.— That advantasey\\\ Jot^erwfe^^wca V^^ 
Metric Tables, by C. H. Dow\\ug,e.-E.;*— R«*orto/SecttonF Brtttsk Assocxa\v«., 
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InwoocTs TableSy greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for thc 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., togetherwith Smart's FiveTables of Compound 
Interesty and an Extension of the same to lower and Intermediate 
Rates. By WiLLiAM Inwood, Architect. The i8th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. FtooR Thoman, of the Soci^ 
Credit Mobilier of Paris, i2mo, &r. cloth. 

\* This edition {fhe i8M) differs in many important particular s 
fromfornurones, The changes consist ^ first, in a more convement 
and sysiemaiic arrangement ^ the original Tables, andin the removal 
ofcertain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover ; and secondly, in the 
extension of practicai utility conferred on the work by the introduction 
of Tables now insertedfor the first time, This new and important 
matter is all so much actually added to Inwood^s Tables ; nothing 
hasbeen abstracted from the original collection: so thatthosewho have 
been long in the habit of consulting Inwood for any special profes' 
sional purpose will^ as heretofore, find the information sought still in 
its pages. 

" Those interested in the purchase and sale of estates, and in the adjustment of 
compensadon cases, as well as in transactions in annuities, life insiirances, &C.» wiU 
find the present edition of eminent ^Krtvat,**—Engineering. 

* 

Geometry for the Architect, Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of "The Science of Building," &c. 
With Illustrations. Demy 8va [/« thepress^ 

Compound Interest and Annuities. 

THEGRY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction, By FfeDOR Thoman, of the Societe Credit Mobilier, 
Paris. i2mo, cloth, 51. 

" A very powerful work,'. and the AuUior has a very remarkaUe command of his^ 
subject." — Professor A. de Morgan. 

'*No hanker, mercbantf tradesman, or mau ot \»x9sv^^, o>\^\. Vi \ife -w&kSjpasTAx. 
Tboman's truly 'handy-book.' "—Review. 
"The author of this 'handy-book* desctves o\ir tYcmVs?'— Insurance GaMtte, 
" We recojnmend it to thc notice of actuaries and acco\ynXaxvVs>r — AtKenauw. 



24 WORKS PUBLISHED BY LOCKWOOD & CO. 



SCIENCE AND ART. 



The Military Sciences. 

AIDE-MfeMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Ofîicers and otheis connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefiilly revised by an 
Ofiicer of the Corps, with many additîons ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vok. xojdl 8vo, extra 
cloth boards, and lettered, price 4/. iar. 

*' A compendious encyclopaedia of mQitary knowledge, to which we are g^^atly in- 
debted." — Edinburgh Keview. 

*' The most comprehensive work of refercnce to the military and collateral sciences. 
Among the list of contnbutors, some seventy-seven in number, will be found names df 
the highest distinction în the services. . . . The work claims and possesses Uie great 
merit that by far the larger portion of its subjects have been treatra originally by Uie 
pra«tical men who have been its contributors.^ — Volunteer Service Gazette, 
« 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the Royal Military Academy, Woolwich. Sixth 
Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, sewed, 
price I2J. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES : their 

Properties, Applications, Valuation, Impurities, and Sophistications. 

For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 

W. Slater. Post 8vo, cloth, price 7^. dd, \Recently published, 

*' Essentially a manual for practicai men, and precisely such a book as practicai 
raen will appreciate." — Scienti/ic Review. . 

.** A complete encyclopaedia of the ntaterta tinctoria. The information given 
respecting each articfe is full and precise, and the methods of determining the value 
of ărţicles such as these, so liable to sophistication, are given with cleamess, and are 
practicai as well as valuable."^C^/»w/ and Dntggist, 

Electricity, 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magno-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St. George's HospitaL Fourth Edition, 
entirely rewritten. Illustrated by 500 Woodcuts. 8vo, i/. 4f. cloth. 

" This publication fully bears out its title of ' Manual.' It discusses in a satîsfactory 
JBaiiner e/ectricity, frictional and \oltaic, thermo-electricity, and electro-physiology. 
—AtAefueum. 

--. " The commendattons alrcady "besto-wed uv \\ve 'Qa&e& ol ^«i Lancet oc^ ^«t V«v&«. 
editions of this work are mere than ever mented \>^ xiv^ '^«s«^ '^^«^ ^^Q>w>taj^K»5a. 
of electricity and galvanism are not oiv\y compVete va a. «^«ox.>Sxc«»sfc,\svx\.,^\^^>5.% 
rarer ihing^ are popular and interestm^." — Lancet. 
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Text'Book of Electricity. 

THE STUDENT' S TEXT-BOOK OF ELECTRICITY : in- 
cluding Magnetism, Voltaic Electricity, Electro-Magnetism, Dia- 
magnetism, Magneto-Electricity, Thermo-Electricity, and Electric 
Telegraphy. Being a Condensed Resume of the Theory and Ap- 
plication of Electrical Science, including its latest Practicai Deve- 
lopments, particularly as relating to Aerial and Submarine Tele* 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St. George's Hospital. Post 8vo, 400 Illustrations, 12^. 6^. cloth. 

*' We can recommend Dr. Noad's book for clear style, great range of subject, a good 
index, and a plethora of woodcuts. Such cc^ections as the present are indispensable.** 
— A thenaunt. 

** A most elaborate compilation of the facts of electricity and magnetism, and of the- 
theories which have been advanced conceming them.'' — Popular Sciewx Revierv, 

** Clear, compendious, compact, well illustrated, and well printed, this is an exod* 
lent manual." — Lancet. 

** We can strongly recommend the worlc, as an admirable text-boolc, to every stud^t 
— beginner or advanced— of electricity." — Engineering, 

** The most complete manual on the subject of electricity to be met with.** — Observer, 
" Nothing of value has been passed over, and nothing given but what will lead to a 
correct, andevenan exact, knowledge of the present state of electrical science." — 
Mechanic^ Magazine. 

** We know of no book on electricity containing so much înformatlon on experi- 
mental facts as this does, for the size of it, and no bo ok of any size that contains so 
complete a range of fz.cts.^^—English Mechanic. 

Rudimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a concise exposition 
of the general principles of Magnetical Science, and the purposes. 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. Numerous Woodcuts. i2mo. \yustre€uiy^ 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practicai Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures^ 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
ticai Introduction to Rose's Chemistry," and Editor of Rose's 
** Treatise of Chemical Analysis." lUustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, 9^. doth. 

" We recommend this book to the careful perusal of every one ; it may be truly •• 
affirmed to be of universal interest, and we strongly recommend it to our roulers as a 
guide, alike indispensable to the housewife as to the pharmaceutical practitioner." — 
Medical Titnes. 

'* The very best work on the subject the English press has yet produced."— Jfip- 
c/tanics' Magazifte. 

Practicai Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY, B-^^ÎMt^ie*. 
John Carr, M.A., lateFellow oîTt\tuC5i*^.^C«n!ÎsiTv^, ^f«yss^^ 
Edition, iSmo, 5j. cloth. 
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Science and Art. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex. 
hibiting tbe most important Improvements and Discoveries of the 
Past Year in Mechanics and the Useful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. ByJOHN TiMBS, F.S.A., 
Author of ** Curiosities of Science," "Things not Generally 
Known," &c. With Steel Portrait and Vignette. Fcap. 5j. cloth. 

\* Tkis workj published annually, records the proceedings of the 
principal sciinHfic societissj and is indispemabig to all who wish to 
possess afaithful record of the laiest novelties in sdence and the arts. 

The back Volumes, from i86i to 1870, each conţfuning a Steel 
Portrait, and an extra Volume for 1862, with Photograph, may stUl 
be had, price $s, each. 

'* Persons who wish for a concise annual summary of important scîentîfic events wOl 
find their deşire in the 'Year Book of Facts.' " — Atheiutum. 

" The standard work of its class. Mr. Timbs's ' Year Book ' is always full of sugges- 
tive and interesting matter, and is an excellent risumi of the year's progress in the 
adenoes and the 9XXs.^*—Builder, 

** A conrect exponent of scientific progress .... a record of alnding înterest If 
anyone wishes to know what progress saence has made, or what has been done in any 
bnimch of art during the past vear, he has only to turn to Mr. Timbs's pages, and 
issure to obtain the required injfonnation." — Mechanics* Magazine. 

** An invaluable compendium of scientific progress for which the public are indebted 
to the untiring energy of Mr. Timbs." — A tlas. 

" There is not a mere useful or niore interesting compilation than the * Year Book of 

Facts.' . . . The discrimination with which Mr. Timbs selects his facts, and the admi- 

'nhle nuuiner in which he condoises into a comparatively short space all the salient 

features of the matters which he places on record, are deserving of g^eat praise."— 

Railway News. 

Science and Scripture, 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua— 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars — their Distances and Masses. By Professor. 
J. R. YouNG, Author of " A Course of Elementary Mathematics," 
&c. &c. Fcap. 8vo, price 5^. cloth lettered. 

"Professor Young's examination of the early verses of Genesis, in connection with 
Medeni scientific hypotheses, is excellent." — English Churchman. 

' ** Distin^ished by the tnie spirit of scientific inquiry, by great knowledge, by keert 
logical abihty, and by a style peculiarly clear, easy, and energetic." — Nottconformist. 

*' No one can rise from its perusal without being impressed with a sense of the sin- 
gular weakness of modem scepticism."— j5a//w/ Magazine. 

*' The author has displayed considerable leaming and criticai acumen in combating 

tbe objections alluded to The volume is one of considerable value, inas- 

MUtioh asit contains much sound thoug)\t, Mvd\s tîXoaXaXe.^ Vo îs&\%t 0\e reader to dis- 
cjrimnsite truth from error, atleaat so iat as a îvtCvtt mvcv^ \s ^^ \a ^«.-^^t^xj^ -^jk®. 
The ^otkf therefore, must bcconsîAered to\» a.NTa\>\2^A«tcOTv\x^>i\xvwi\sicvi^^ 
thcologicsd literature."— C*XV Press. 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Hannony and Wonderful Concoid. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price 5j. cloth. 

" We can recommend Mr. Le Vaux as an able and iutoxsting guide to a popular 
appreciationofgeologicalsciencc." — Spectator, ' ^ 

*' The author combines an unbounded admiration of science with an unbounded 
admîration of the Written Record. The two impulses are balanced to a nicety ; and 
the consequence is, that difficuldes, which to minds less evenly poised, would be 
serious, find immediat^solutions of the happiest kinds." — London Review. 

" A most instructive and readable book. We welcome this volume as aiding in a 
mbst important discussion, and commend it to those interested in the subject." — 
EvoHţeiical Magazine. 

" Vigorouiily written, reverent in spirit, stored with instructive geological facts, and 
designed to show that there is no discrepancy or inconsistency between the Word and 
the works of the Creator. The future of Nature, in connexion with the glorious destiny 
of man, is vividly conceived.** — Watchnuut, 

*' No real difficulty is shirked} and no sophistry is left une]qx>sed.'' — The Rock, 

Geology^ PhysicaL 

PHYSICAL GEOLOGY. (Partly based on Major-General . 
Portlock's Rudiments of Geology.) By Ralph Taxe, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, 2j. \Ready. 

Geology, HistoricaL 

HISTORICAL GEOLOGY. (ParUy based on Major-General 
Portlock's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. l2mo, 2j. 6(/. [Ready, 

Wood'Carving. 

INSTRUCTIONS în WOOD-CARVJNG, for Amateurs ; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price zs, 6d, 

" Tlie handicraft of the wood-carver, so well as a book can impart it, may be leamt 

from ' A Lad/s ' puh\icaition.*'—^AtĂemeum. 

* * A real practicai gtâde» It is very complete. "•-'Literary Churchman, 

" The directions given are plain and easUy understood, and it forms a very good 

introduction to the practicai part of the carver's art." — English Mechanic, 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED ; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and JOHN TiMBS, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 6j. cloth. 

%* This Work has been adopted as a Prize-book in the Schools 
of Art at South Kensington. 

'* A work that may be advanta^eously consulted. Much may be leamed, even by 
those who fancy they do not requure to be taught, from the carefid perusal of this 
impretending but comprehensive treatise." — Art Journal. 

** A valuable book, which supplies a want. It contains a large amount of original 
matter, agreeably conveyed, and will be found of ^ue, as well by the young artist 
seeking information as by the general reader. We ^ve a.cotdAai-^«LcA\&&%s^^âc!A.\)nâ«-<t 
and au^r for it an Increasii^ reputation.** — Buildtr, ^ . ^ 

'*This volume îs one that we can l>oardly tecomtnftTvâi \» «ÎX Ni>na «t^ ^«s«wi& ^v 
understanding wbat they admins iu a good paân\m^,**— D aiXy Nru». . 
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Delamotte's Works on Illumination & Alphabek, 

A PRIMER OF THE ART OF ILLUMINATION ; for tk 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
ticai Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 9^. Elegantly bound, cloth antique. 

" A handy book, beautifully iilustrated ; the text of which is well written, and cal- 
cuUted to be useful. . . . The examples of ancient MSS. reconimended to the student, 
which, with much good sense, the author chooses from collecttons accessible to all, are 
selected with judgment and kiiowledj^e, as well as Xa&Xit^^Athenttum. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIiEVAL; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmcn, Missal Painteis, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4J. cloth. 

" A well-known engraver and draughtsman has enrolled in this useful book die 
result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book will be usefuL" — Atheiutum. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Kiband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4r. cloth. 

** To artists of all classes, but more especially to architecţs and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent which 
has been expended in the conception of the various plain and ornamental letters is 
wonderful. "--Standard. 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. WiLLis 
Brooks. Small 4to, 6^. cloth gilt. 

** A volume \x\ which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem ernblazoned in these characters would be 
only comparable to one of those delicious Iove letters symbolized in a bundi of flowers 
well selected and cleverly arranged." — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 

Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 

tical Devices, Mediaeval and Modem Alphabets, and National 

Emblems. Collected and engraved by F. Delamotte, and 

'pimi^ in Colours. Oblong to^al^No, 2.s. ^. m Qtwamental boards. 
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AGRICULTURE, &c. 



Youatt and Burris Complete Grazier. 

THE COMPLETE GRAZIER, andFARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By WlLLiAM Youatt, Esq., V.S. iith Edition, enlarged by 
RoBERT ScOTT BuRN, Author of "The Lessons of My Farm," &c 
One large 8vo volume, 784 pp. with 215 Illustrations. i/. is. half-bd. 



CONTENTS. 



On the Breedingy Rearing^ Fatiening^ 
and General Management ofNeat Cattle, 
— Introductory View of thedifTerent Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the difTerent Breeds of 
Neat Cattle. — General Observations on 
Buying and Stocking a Farm with Cattle. 
—The Bull— The Cow.— Treatmeut and 
Rearing of Calves. — Feedingof Calvesfor 
Veal. — Steers and Draught Oxen.— Graz-- 
ing Cattle.— Summer Soiling Cattle. — 



mtcr Box and Stall-feeding Cattle. — 
Artificial Food for Cattle. — Preparation 
of Food. — Sale of Cattle. 

On the Ecottomy and Management of 
the Dairy. — Milch Kine.— Pasture and 
other Food best calculated for Cows, as 
it re^rds their Milk. — Situation and 
Buildmes proper for a Dairy, and the 
proper Dairy Utensils. — Management of 
Miik and Cream, and the Making and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce of a Dairy. 

On the Breedingf RearinZy and Ma- 
nagement of Fann-horses. — introductory 
and Comparative View of the different 
Breeds of Farm-horses. — Breeding Horses, 
Cart Stallions and Mares. — Rearing and 
Trainine of Colts. — ^Age, Qualifications, 
and Sale of Horses. — Maintenance and 
Labour of Farm-horses. — Comparative 
Merits of Draught Oxen and Horses.— 
Asses and Mules. 

On the Breeding^ Rearing^ and Fat- 
tening ofSheep. — Introductory and Com- 
parative View of the different Breeds. — 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep. — Treatment and 
Rearing of House-lam os, Feeding of Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

On the Breeding^ Rearing^ and Fat- 
teningofSwine.— -Introductory and Com- 
parative View of the different Breeds of 
Swine. — Breeding and Rearing of Pigs. — 
Feeding and Fattening of Swine. — Curing 
Pork and Bacon. 



On the Diseases of Cattle. — Diseases 
Incident to Cattle. — Diseases of Calves.-— 
Diseases of Horses. — Diseases •£ Sheep. — 
Diseases of Lambs. — Diseases Incident to 
Swine. — Breeding and Rearing of Do- 
mestic Fowls, Pigeons, &c. — Paimipedes, 
or Web-footed kinds. — Diseases of Fowls. 

On Farm Offices and Implements oj 
Httsbandry. — The Farm-house, the Farm- 
yard, and its Offices. — Construction of 
Ponds. — Farm Cottages. — Farm Imple- 
ments. — Steam Cultivation. — Sowing Ma- 
chines, and Maimre Distributors. — Steam 
Engines, Thrashing Machines, Com- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Cultnre and Management oj 
Grass Land.-^Sizc and Shape of Fields. 
— Fences. — Pasture Land. — Meadow 
Land. — Culiure of Grass Land. — Hay- 
making. — Stacking Hay. — Impediment;» 
to the Scythe and the Eradication of 
Weeds.— Paring and Buming. — Draining. 
Irrigation. — Warpinşf. 

On the Cultivatton and Application 
of Grasses, Puise y and Roots. — Natural 
Grasses ,ustially cultivated. — Artificial 
Grasses or Green Crops. — Grain and 
Puise commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage. — ^Vegetables best calculated for 
Animal Food. — Qualities and Compara- 
tive Value of some Grasses and Roots as 
Food for Cattle. 

On Manures in General^ and their 
Application to Grass Land, — Vegetable 
Manures. — ^Animal Manures.— Fossil and 
Mineral Manures.— Liquid or Fluid Ma- 
nures. — Composts. — Preservation of Ma- 
nures. — Application of Manures. —Flemish 
System of Manuring.-^Farm Accounts, 
and Tables for Calculating Labour by the 
Acre, Rood, &c., and by the Day, Week, 
Month, &c. — Monthly Calendar of Work 
to be done throughout the Vear. — Obser- 
vations on the Weather. — Index. 



'* The standard, and text-book, with the farmer and grazier.** — Farmer's Magazine. 

** A valuable repertory of intelligence for all who make agriculture a pursuit, and 
especially for those who aim at keeping pace with the improvements of the age." — 
BelVs Messenger. 

" A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express, 
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Scott Burţi s Introdtution to Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm-work Records. By Robert 
Scott Burn, Editor of " The Ycar-Book of Agricultural Facts," 
&c. With numerous lUustrations. Fcp. ds, cloth. 
*' A most complete introduction to the whole roiuid of farming^ practice." — John 

**There are many hints in it which even old farmeis need not be ashamed to 
accept.*' — Moming Herald, 
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Tablesfor Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: being Tables, I 
on a very much improved Plan, for Calculating the Value of r 
Estates. To which are added, Tables for reducing Scotch, Irish, j 
and Provincial Customary Acres to Statute Measure ; also, Tables 
of Square liţeaşure, and of the various Dimensions of an Acre in ' 
Perches and Yards, b^ which the Contents of any Plot of Ground | 
may be ascertained without the expense of a r^ylar Survey ; &c ! 
By R. HuDSON, Civil Engineer. New Edition, with Additions and ' 
Corrections, price 41*. strongly bound. 
** This new edition indudes taUes for ascertaining the value of leases for any term 
of years ; and for showing how to lay out plots of jground of certain acres in forms, 
sţiuare, round, &c., widi valuable rules for ascertainmg the probable worth of standing 
timber to any amount ; and is of incalculable value to the country gentleman and pro- 
fessional msdL"'—Farmer^s Journal. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- 
DELL, Attomey-at-Law. Crown 8vo. 41. cloth. 

Auctioneer^s Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with prices for Inventories, &c. By John Wheeler, Vîduer, &c. 
Third Edition, enlarged, by C. NoRRis. Royal 32mo, strongly 

bound, price Jj. xjtist publiskeâ, 

** A neat and concise book of reference, containing an adpiirable and deariy- 
arranged list of prices for inventories, and a very practicai guide to determine die 
value of fumiture, 8u:."~-Standardf June 27, 1871. 

The Civil Service Book-keeping. 

BOOK-KEEPING NO MYSTERY : itsPrinciplespopularlyex- 
plained, and the Theory of Double Entry analysed ; for the use of 
Young Men commencing Business, Examination Candidates, and 
Students generally. By an Experienced Book-Keeper, late of 
H.M. Civil Service. Second Edition. Fcp. 8vo. price 2J. cloth. 
"A hook. which brings the so-called mysteries within the comprdiension of the 
simplest capacity." — Sunday Times. 
"It is cJear and concise, and exac\\v svxOa. ai XtxtA/iţJ*. ^& ^\>aâieoL\& Tw^e."— 
^mrter/y youmai ^ Education, 
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Text-Book for Architects, Engineeys^ SurveyorSy 
Land Agents, Country Gentlemen, &c. 

A GENERAL TEXT-BOOK for ARCHITECTS, ENGI- 
NEERS, SURVEYORS, SOLICITORS, AUCTIONEERS, 
LAND AGENTS, and STEWARDS, in aU their several and 
varied Ptofessional Occupations ; and for the Assistance and 
Guidance of Country Gentlemen and others engaged iti the Trans- 
fer, Management, or Improvement of Landed Property ; together 
with Examples of Villas and Country Houses. By Edward Ryde, 
Civil Engineer and Land Surveyor. To which are added several 
Chapters on -Agriculture and Landed Property, by Professor 
DONALDSON, Author of seteral works on Agriculture. With 
numerons Engravings, in one thick voi. 8vo, price i/. 8j. cloth. 



CONTENTS. 



Arithmetic. 

Plane and Soud Gbombtrv. 

Mknsuration. 

Trigonometry. 

Conic Sections. 

Land Measuring. 

Land Surveying. 

Levelling. 

Plotting. 

COMfUTATION OF ArBAS. 
COPVING MaPS. 

Railway Surveying. 
Colonial Surveying. 
Hydraulics in connbction 

WITH Drainagb, Sbwbragb, 

and Watbr Supply, 



TiMBBR Measuring. 

Artificbrs* WcJrk. 

Valuation of Estates. 

Valuation of Tillagb and Tenant 

RiGHT. 

Valuation of Parishes. 
Builders' Pricbs. 

DiLAPIDATIONS AND NuiSANCES. 

The Law relating to Appraisers and 

AuCTIONEERS. 

Landlord ANO Tbnant. 

Tablbs of Natural Sinbs and Co- 

siNBS ; FOR .Hbducing Links into 

Fbet, &C. &c 
Stamp Laws. 
ExAMPLBs OF Villas, &c. , 



To which are added Fourteen Chapters 
ON LANDED PROPERTY. By Professor Donaldson. 

Chap. I. — Landlord and Tenant : their Posidon and Connections. 

Chap. II. — Lease of Land, Condidons and Restrictions ; Choice of Tenant, 

and Assignation of the Deed. 
Chap. III.— Cuidvadon of Land, and' Rotation of Crops. 
Chap. IV. — Buildings necessary on Cultîvated Lands : Dwelling-houses, 

Farmeries, and Cottages for Labourers. 
Chap. V. — Laying out Farms, Roa<», Fences, aani Gates. 
Chap. VI. — Plantations, Young and Old Timber. 
Chap. VII. — Meadows and Embankments, Beds of Rivers, Water Coarses, 

and Flooded Grounds. 
Chap. VIII. — Land Draining, Opened aad Covered : Plan, Execudon, ând 

Arrangement between Landlord and Tenant. 
Chap. IX. — Minerals, Wca-king, and Value. 
Chap. ' X. — Expenses of an Estate. 
Chap. XI. — Valnadon of Landed Property ; of the Soil, of Houses, of Woods, 

of Minerals, of Manoriai R%hts, of Royalties, and of Fee 

Farm Rents. ... 

Chap. XII. — Land Steward and Farm'Bwlîff: Qusdificadons and Dndcs. 
Chap. XIII.— Manor Bailiff, Woodreeve, Gardener, and Gamekeeper : their 

Position and Duties. 
Chap. XIV.— Fixed Days of Audit : Half-^fieirlv P&vtneat& oC "RmcAs., "««ctb.^^ 

Notices, Receipts, «ndt»VC«ătt^&(M^'S ^«nsaa^^^asi ^\^^^ 

tates, &c 
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No Englishman ought to be without this 6ook!' 

EVERY MAN'S O WN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. 9th Edition, 
carefîiUT rOyÎKil, includincr a Summary of the New Bankruptcy 
Law8| ţhe ^^ftuidulent Debtors Act, the Reported Cases of the 
Cosfis iţ Uem and Equity, &c. With Notes and References to the 
. AuttioiUies. i2mo, price 6s, &/. (şaved at every consoltation), 
•tronjrly boand. [ This day. 

Comprising the R^hts and Wrangs of Indwidualsy Mercantile and Corn- 
merctal Law, Criminal Law, Parish Law, County Court Law^ 
Came and Fishery Laws^ Foor Metis Lauosuits^ 



THE 14^3 



i» 



Bankruptcy. 

BlL|^ OP BXCHANGB. 
GONTRACTS AND AgRBBMKNTS. 

Cdln^HT. 

DOWBR AMD DiVOICB. 

Elbgtions and Rbgistsation. 
Imsubancb. 

LlMQ. AND SlANDBR. 



mortgages. 

Settlbmbnts. 

Stock Exchangb Practice. 

TitADE Marks and Patents. 

Trbspass, Nuisances, ktc. 

Transfbr op Land, btc. 

Warbanty. 

WlLLS AND AgRBEMBNTS, ETC 



Also Law for 



Landlord and Tenant. 
Maşter and Servant. 
Workmen and Apprentices. 
Heirs, Devisees, and L^^tees. 
Husband and Wife. 
Executors and Trustees. 
Guardian and Ward. 
Married Women and Infants. 
Partners and Agents. 
Lender and Borrower*. 
Debtor and Creditor. 
Purchaser and Vendor. 
Companies and Associations. 
Friendly Societies. 



Clerş^ymen, Churchwardens. 

Medical Practitioners, &c. 

Bankers. 

Farmers. 

Contractors. 

Stock and Share Brokers. 

Sportsmen and Ga|nekeepers. 

Farriers and Hbrse-Dealers. 

Auctioneers, House-Agents. 

InnkeeiMTS, &c. 

Pawnbrokers. 

Surveyors. 

Railways and Carriers. 

&C.&C. 



" No Englishntan ought to be vnthout this hook . . . any person perfectiy unin- 
formed on legal matters, who may re(]tiire sound Information on unknown law pomis; 
will, by reference to this book, acquire the necessary^ information ; and thus on mai! 
occasions save the expense and loss of time of a viait to a lawyer.** — Engineer^ J* 
38, 1870. 

" It is a complete code of English Law, written in plain language which all can 
understand . . . shouid be in the hands of every business man, and all who wish to 
abolish lawyers' bills." — Weekly Times^ March 6, 1870. 

" With the volume before us în hand, a man may, in nine cases out of ten, decide 
his own course of action, leam how to proceed for redress of wrongs, or recovery of 
rights, and save his pocket from the dreaded consultation fees and the incalculable 
bills of costs." — Civil Service Gazettet May 23, 1868. 

" We have found it highly satisfactory as a work of authority and reference, and a 
handy-book of information. There is abundance of cheap and safe law in this work 
for all who want it." — Rock^ May a6, x868. 

" A useful and concise epitome of the law, compiled with considerable care." — Law 
Magazine. 

" What it professes tobe— acomp\eteep\\.ottvftolx^ţ\^.vi%ţiC\.Vv\scountry, thoroughly 
intelligible to non-professiotuA readets. TVve \iooV. \% îl Yvaxvftjj w«s, \» \>a;>«r; Sack-xeadi- < 
Jjcss when some knotty point Tcquwcs xcadv soVav:\otv:'--Beirs Life, 
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